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ORDER PRIONODESMACEA 


Genus NUCULA Lamarck 
Nucula orhicella, n. sp. Plate 28, figures 19, 20 


Shell of medium size, broadly elliptical or subovate in out- 
lines; obliquely truncated at its anterior end; gently convex; the 
surface is covered withclose, subregular, concentric wrinkles and 
fine radial threads so that the sculpture is decussated; on the 
posterior dorsal slope, they are larger and pustular-like and their 
course is obliquely downward across the growth-lines; they are 
weak on the poorly defined lunule; the radical threads are main- 
ly between the concentric wrinkles but ventrally they cut into 
the wrinkles as well; interior of the shell, silvery white or faint- 
ly tinged with purple; the ventral margin is finely crenulated; 
chondrophore very small, oblique; anterior set containtng about 8 
teeth, the posterior with about 17. 

Length 9.50, height 7.50, semi-diameter 2.25 min. 
II.00 8.50 2.50 mim. 

From the recent WV. crvenulata A. Adams, this shell differs 
by its larger size and more elliptical and depressed shell. Gabb 
has described from the Pliocene of the Limon Peninsula Mu- 
cula limonensts and moenensts, but both of these species are per- 
fectly smooth and sculptureless. The Mucula orbicella is a com- 
mon species in certain marly beds intercalated in the coralline 
limestones of Port Limon. 


Gatun Stage: Port Limon. 
Nucula cahuitensis, n. sp. Plate 18, figures 21-24 


Shell small, solid, obliquely subtrigonal in form; ventral 
margin widely rounded, a nearly straight posterior dorsal margin 
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and a widely truncated anterior end; valves gently convex; pro- 
toconch on the tip of the umbo small, smooth and white; surface 
polished; the sculpture of the disk of the shell is developed to a 
variable extent, but the umbos are always smooth; typically the 
lower half of the shell is covered with close, regular, concentric 
wrinkles which are slightly decussated by fine, even, and slight- 
ly raised radial threads; in other cases, the wrinkles may be pres- 
ent only on the extreme anterior or posterior ventral extremities 
and the radial lines showing only as a part of the shell substance 
and not as raised threads; the escutcheon is elliptical and thickly 
covered with raised wrinkles which lie at right angles to the dor- 
sal margin of the shell; they are similiar on the lunule; interior 
of the shell tinted with brown; ventral margin crenulated; chon- 
drophore small, oblique with the anterior set of teeth numbering 
about 7, the posterior about 14. 
Length 3.50, height 3.00, diameter 1.60 mm. 

This is a small species of subtrigonal outlines, suggestive of 
the Pacific V. exigua Sowerby in general form and size. Onthe 
few specimens of V. exzvuwa, which I have from the Bay of Pan- 
aina the sculpture is finely decussated over the whole shell with 
fine radial and concentric threads. The most striking features of 
cahutiensts are its strongly sculpture lunule and escutcheon. 


Gatun Stage: Zone G, Saury Creek. 


Nucula tenuisculpta Gabb Plate 18, figure 25 
Nulua tenuisculpta Gabh, 1873, Trans. Amer. Phil. Soc., vol. 15, p. 
255. 
Nucula tenuisculpta Maury, 1917, Bull, Amer. Pal., vol. 5, p. 325, pl. 
26, figure 8. 


A species of the size and form of cahuztensts but the valves 
are entirely smooth and polished. The lines of growth are fine 
and irregular. ‘The radial lines are faint and sub-microscopic. 
Inner margin crenulated. 

Height 3.25, length 4.00, semidiameter .75 mm. 

Gatun Stage: Coll 4, Red Cliff Creek. 
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Genus LEDA Schumacher 


Leda Balboae Prown and Pilsbry Plate 18, figure 15 


Leda Balboe Brown and Pilsbry, tg11, Proc. Acad. Nat. Sci. Phila., 
vol, 63, p. 362, pl. 27, fig. 8. 

This species is fairly common in Costa Rica, but generally 
smaller than in the Canal Zone, where it frequently reaches a 
length of 22 mmor more. Its valves are moderately convex and 
regularly sculptured with even, close, concentric riblets which on 
the center of the shell disk may be slightly appressed. The 
escutcheon is well-defined and similiarly sculptured with the rib- 
lets running parallel to the hinge margin. 


Gatun Stage: Gatun, C. Z. 
Coll. 1, East Grape Potnt Creek. 
Zome G, Saury Creek. 
Outtana Creek. 
fiill No. 3, Banana River. 


Leda Davilae, n. sp. Plate 18, figure 20 


Shell small, solid, strongly convex; the beaks nearly cen- 
tral; the rostrum is short, pointed and sharply defined from the 
rest of the shell disk by a high, cord-like ridge; the anterior end 
is bluntly rounded and carries 2, low flexures from the beaks to 
the anterior ventral extremity; lunule small and narow, lacking 
the concentric ribs and sculptured with small, pustular-like 
ridges passing at right angles to the hinge-line; the sculpture con- 
sists of about 30 concentric riblets which are somewhat larger 
and with deeper interspaces on the umbos; the interspaces show 
on the umbos and along the anterior slope, fine, radial lines or 
punctations; interior of the shell cavity deep, with a heavy 
hinge; the anterior and posterior sets of teeth number about 13 


or 14, are high and V-shaped. 
Length 5.75, height 4.00, semi-diameter 1.75 mm. 
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A small, plump species, coarsely sculptured with even, con- 
centric riblets, separated by deep interspaces. These interspaces 
may carry fine, radial lines or punctations at the base of the con- 
centric ribs and are best seen on the umbones and the anterior 
slope. The ZL. indigina Dall (L. disulcata Guppy) from the 
Miocene of Jamaica is similiar but proportionately longer. 


Gatun Stage: Coll. 4, Red Cliff Creek. 
Bocas Island. 


Subgenus ADRANA, H. and A. Adams 
Leda quitanensis, n. sp. Plate 18, figure 19 


Shell thin, elongate but slightly convex; beaks very low and 
scarcely distinguishable from above and situated at the anterior 
I-3; ventral margin an even curve from the pointed extremities; 
dorsal margin straight; surface polished but covered with very 
fine, concentric lines which are crossed on the lower half of the 
anterior 2-3, by even, oblique lines (.Sczssua-like); these oblique 
lines are spaced about .25 mm apart; interior concealed. 


Height 7.25, lenght 26.00, semidiameter .75 mm. 


A much smaller species than the next (ensinotdes), slightly 
more convex and with beaks situated more anteriorly. The sur- 
face is finely sculptured about the middle and the anterior por- 
tion by slightly oblique lines, as seen on certain Tellinoids such 
as Scissula. The Manzanilla beds of Trinidad contain Leda 
(Adrana) Guppyt Dall (Cercomya ledeformis Guppy). It is less 
elongate, more contracted posteriorly and has a different surface 
sculpture. Dall has also recorded Leda Guppyi from the Bow- 
den beds of Jamaica. 

Gatun Stage: Quitana Creek. 

Zone F, Saury Creek. 
Coll. 1, Kast Grape Point Creek 


Leda ensinoides, n. sp. Plate 18, figure 12 
Shell rather large, elongate, depressed and subequilateral; 
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beaks very small and scarcely distinguishable from above, and 
situated nearly about the middle of the dorsal margin; extremi- 
ties bluntly rounded, with a broad, even curve to its base or ven- 
tral margin; the dorsal side is nearly straight but descending 
slightly towards its extremities; surface nearly smooth, the 
growth lines indistinct, but with fine, even very slightly oblique 
_ lines on the anterior two-thirds of the shell; interior con- 
.cealed. 


Length 54.00, height 15.00, diameter 4.50 mm. 


Differs from the preceding species by its larger size, nearly 
central beaks and by its finer, more concentric sculpture. There 
are several species of this group recent in the West Indies and 
along the Pacific coast of Central America, but none appear at 
all closely related to the Gatun species. 


Gatun Stage: Hill No. 3, Banana River. 


Leda Dalliana, n. sp. Plate 28, figure 17 


Adrana sp ? Dall, 1898, Trans. Wagner Free Inst. Sci., vol. 3, pt. 1 
4, P. 592. 


Shell small, thin, elongate, depressed; the small, scarcely 
differentiated beak is sutuated about the anterior one-fourth of 
the shell; the anterior side is somewhat contracted and shortly 
rounded while the posterior side is produced and 3 times the 
length of the anterior and bluntly pointed at its extremity; the 
rostrum is long and narrow, formed by 2 radial, scabrous threads, 
separated by a wide interspace; concentric sculpture of thin, 
elevated threads or lamellae, regularly distributed on the lower 
half of the shell, but widely spaced on the umbonal area; the 
escutcheon is long and narrow, sculptured with threads parallel 
to the hinge-margin; interior of shell cavity shallow, the long 
hinge with an anterior set of 20 small teeth, the posterior with 


26 OL 27. 


Length 10.50, height 3.50, diameter of left valve .75 mm. 
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A much smaller species than the preceding and differing in 
its more anterior beaks, depressed shell and heavier concentric 
sculpture as well as in other characters. It is probably the shell 
which Dall refers to as having fragments of from the Pliocene 
of Limon. But a single perfect specimen was collected 


Gatun Stage; Port Limon. 


Genus YOLDIA Moller 
Yoidia bocasensis, Plate 28, figures 21, 22 


Shell small, thin, ovate-elliptical in form; beaks situated 
slightly in front of the middle; valves moderately convex; both 
the anterior and posterior extremities are broadly rounded and 
connected by the gentle curve of the basal or ventral margin; the 
umbos are very small but distinct and lie just above the greatest 
convexity of the valves; surface smooth, polished with no other 
sculpture than the incremental growth-lines; chondrophore dis- 
tinct, scarsely oblique and bordered on each side by an equal num- 
ber of V-shaped hinge-teeth; the anterior set contains about 14 
teeth, which are very small next to the chondrophore becoming 
progressively larger distally, the posterior set with 13 or 14; the 
pallial sinus is indistinct, but rather large, broad and extends 
nearly to the middle of the valve. 


Length 13.00, height 7.00, semidiameter 2.25 mm. 
9.50 5.50 1.50 mm. 

A fairly common species in the clay beds of Bocas Island 
where it is associated with a fauna of rather deep water charac- 
ter. It has much the form of certain deep-water Yoldzella but 
the interior of the valves show an indistinct but deep and wide 
pallial sinus. 

Gabb has described from the Miocene of Santo Domingo, a 
Yoldia ovalis, which has never been figured and its description is 
very meager and insufficient. 


Gatun Stage: Bocas del Toro. 
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Genus LIMOPSIS Sassi 
Limopsis monilis, n. sp. Plate 26, figures 23, 24 


Shell small, solid, moderately convex and subcircular in form 
but slightly oblique; the hinge-line is straight, the anterior dor- 
sal submargin very small, the posterior large undifferentiated 
from the rest of the shell ; the umbos are high and prominent, 
lying a little in front of the middle; exterior sculptured with 
strong radial ribs which are largest and strongest on the middle 
of the shell disk, finer on the dorsal submargins; these ribs are 
crossed by high widely spaced concentric lamellae, more closely 
spaced on the umbos; the lamellze on crossing the ribs are raised 
into short, spine-like fringes which are directed ventrally; inter- 
ior of shell deep; the hinge-line with a small cartilage pit at the 
anterior 1-3 of the shell; it is bordered on the anterior side by a 
set of 3 high, projecting teeth and 4 on the posterior side, the 
ventral and a part of the anterior margin is crenulated, most fine- 
ly in the middle and quite coarsely at the posterior portion. 


Length 1.75, height 2.00, semidiameter .60 mm. 


This is a small, subcircular species with a crenulated inner 
margin and a strong surface sculpture of ribs crossed by distant 
concentric fringes. It is fairly common at its type locality, giv- 
en below. 

Gatun Stage: Old Man Sam Creek, 1 mile south of beach 

(A. C. Veatch, collector). 


Genus GLYCYMERIS, Da Costa 


Glycymeris canalis Brown and Pilsbry Plate 18, figures 2-7 


Glycvmeris canalis Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Phila., vol. 63, p. 364, pl. 28, fig. Io. 
Glycymeris trilobicostata Pilsbry and Brown, 1917, Proc, Acad, Nat. 
Sci. Phila. 
Very abundant locally in the Gatun beds of Costa Rica, are 
small and medium sized Pectunculids belonging to the group of 
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G. acuticostata Sowerby of the Santo Dominican Miocene. They 
vary somewhat in size, (20 to 32 mm in height), are usually de- 
pressed and with an outline suggestive of the recent East Coast 
aud Upper Miocene G. pectinata Gmelin. Typical acuticostata 
does not seem to occur in Costa Rica and I have adopted Brown 
and Pilsbry name of cazalzs. 


The G. canalis Brown and Pilsbry from the Canal Zone, and 
the frilobicostata Pilsbry and Brown from Colombia, are both bas-. 
ed on young shells 15 mm or less in height. Both forms can be 
duplicated amongst the Costa Rican shells and are but varieties 
of the same species. 


In its usual and more abundant form, the shell is depressed, 
with numerous (about 26), closely spaced rounded or angled ribs. 
These ribs are overrun by even, close, concentric threads. They 
represent the usual caza/zs or its variety ¢rilobicostata, and aver- 
age in height about 25 mm. More rarely, the shells are larger 
and as illustrated by figure 4 and 5 the ribs may become divided 
into 2 or 3, strong, radial cords. The following measurements 
will show the usual range in size. 


Height 22, diameter 21, thickness 5.5 


24 23 5:5 
32 Ro 8 
29 29 8 


Gatun Stage: Gatun, C. Z. 
Comadre; Banana River; Coll. 4 East Grape 
Point Creek. 
Old Man Sam Creek, C. R. 


Glycymeris jamaicensis Dall Plate 19, figures 3, 4 

Pectunculus pennaceus Guppy, 1866, Quart. Journ. Geol. Soc. London, 
vol. 22, p, 293. Not of Lamarck. 

Axinea pennacea Gabb, 1873, Trans. Amer. Phil. Suc., vol. 15, Pp. 255. 


Qectunculus decussatus Guppy, 1876, Qart. Journ. Geol, Soc. London, 
vol. 32, p. 532. Not of Linné. 


ae 
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Glycymeris jamaicensis Dall, 1898, Trans. Wagner Free Inst., Sci., 
vol. 3, pt. 4, p. 608. 


Glycymeris jamaicensis Maury, 1917, Bull. Amer. Pal., vol. 5, p. 345, 
pl. 26, fig. 13. 

This large Pectunculid, externally resembles in its angular 
posterior side the Glycymeris pennacea with which it was confus- 
ed by Guppy and by Gabb, It differs in being somewhat less con- 
vex, less strongly sculptured and most importantly in its central 
beaks, located about the middle of the ligamental area. It is, on 
the other hand, much more closely allied with the recent West 
Indian G. wndatus Linné (G. lineatus Reeves) of which it is 
doubteless the Miocene ancestral form, the main difference being 
in details of its finer sculpture. 


The Glycymeris jamaicensis occurs in the Miocene of Jamaica 
and Santo Domingo but there never seems to reach the large size 
that the species sometimes attains in Costa Rican. A large shell 
in our collection from Old Man Sam Creek measures as fol- 
lows: 

Height 60, lenght 60, diameter of both valves 37 mm. 


Gatun Stage: Water Cay. 
Colls5, Ked Clif Creek: 
Coll. ga, East Grape Point Creek. 
Colls. 5, 6, Old Man Sam Creek. 
Soust Creek of Upper Hone Creek. 


Glycymeris carbasina Brown and Pilsbry Plate 19, figures 1, 2, 5 


Glycymeris carbasina Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Phila., vol. 63, p. 363, pl. 28, fig. 9. 
The Glycymeris carbasina was described by Brown and Pils- 
bry from a small individual from Gatun, measuring only 16 mm 
in height. It is closely related to the G. jamatcensis Dall and 
probably represents but a varietal form. Its main differences is 
its more circular and less convex shell, and less number of hinge- 
teeth which number about 10 to 12 on the anterior and posterior 


sides respectively. 
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All our specimens were collected in the lower Gatun of E. 
Grape Pt., Cliff Creek in Eastern Costa Rica, the largest shell 
measuring as follows: 

Height 56, length 55, diameter of both valves 32 mm. 


Gatun Stage: Coll. 4, East Grape Point. 


Glycymeris castaneus Lamarck Plate 18, figures 13, 14 


Pectunculus castaneus Lamarck, 1819, Anim. sans Vert., vol. 6, p 
53: 

Pectunculus castaneus Reeve, 1843, Conch. Icon., Pectunculus pl. 6, 
fig. 32. 

Our collection from the Banana River contains several small 
Pectunculids which differ from the jamazcensis and its allies by 
their less circular shell, greater convexity and coarser radial 
sculpture. These shells agree however very closely with a recent 
species which is abundant on the beaches of northern Costa 
Rica, which appears to be the Glycymeris castaneus of Lamarck. 
Glycymerts castaneus is distinct from undutus Linné (G. lineatus 
Reeve) with which it is sometimes united, differing by its form 
which is more produced posteriorly but not angulated and by its 
more pronounced radial coste. Both species are similiarly col- 
ored with chestnut markings. 


Gatun Stage: Hill No. 3, Banana River. 
Quittana creek. 


Glycymeris decussatus Linnceus Plate 19, figures 6, 7 


ydrca decussatus Linneeus, 1758, Syst. Nat., ed. 10, p. 694. 
Pectunculus pennacea Lamarck, 1819, An. s. Vert., vol. 6, p. 51. 
Pectunculus pennacea Reeve, 1843, Conch. Icon., Pectunculus, pl. 
5) ae. 24. 
Fectunculus decussatus Linnée. P. pennaceus Lamarck, (Lamy) I9gI1, 
Journ, de Conchy., vol. 59, p. 119, pl. 3, fig. 7. 
Of this rare shell, more commonly known as the G. penna- 
cea Lamarck we have several excellent specimens collected by 
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Dr. A. C. Veatch from the Upper Gatun of Old Man Sam Creek 
in eastern Costa Rica and a few specimens from the coral-reef 
limestones of Port Limon. Although a very distinct species and 
not to be confused with any other Pectunculid recent or fossil, 
its characters have been generally misunderstood and its name 
has often been applied to shells of the G. /neatus group. 

The shell is of moderate size, strongly convex and inequila- 
teral. The beaks are slightly posterior of the middle, with the 
ligamental area entirely anterior to the beaks as seen in figure 7. 
The surface is sculptured with numerous, moderately coarse, 
radiating threads which are simple on the umbonal area but be- 
come divided by 3 or more finer threads ventrally. 

Gatun Stage: Old Man Sam creek. 

Port Limon. 


Glycymeris Lloydsmithi Pilsbry and Brown Plate 25, figures 8. 9, Io 


Glycymeris Lloydsmithi Pilsbry and Brown, 1917, Proc. Acad. Nat. 
Sci. Phila., vol. 59, p. 39, pl. 6, fig. 6. 

This is an abundant fossil in eastern Costa Rica, where it 
frequently forms zones in the lower and middle Gatun. Itstype 
of sculpture of broad, smooth, rounded ribs, is strikingly like 
that of G. subovata Say of the Miocene of eastern United States. 
It differs in its higher and narrower umbos and by its nearly 
smooth cardinal area. 

The G.Lloydsmithi was described by Pilsbry and Brown, 
from beds equivalent to the Gatun, near Cartagina, Colombia. 

Gatun Stage: Zone 3, East Grape Point Creek, C. R. 

COWs;, Kea, Clip Crack, C. Rk. 
Headwater of Middle Creek, C. R. 


Genus ARCA Linnzeus 
Arca occidentalis Philippi Plate 22, figure 1 


Arca occidentalis Philippi, 1847, Abbild. u. Beschr., 3, p. 14, pl. 17b, 
fig. 4a-c. 
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Arca noe Guppy, Journ. Geol Soc. London., vol. 22, p. 293. 

Arca occidentalis Sheldon, 1916, Paleont. Amer., vol. 1, p. 8, pl. I, 
figs. 8-11. 

Arca occidentalis Maury, 1917, Bull. Amer. Pal. vol. 5, p.327, pl. 29, 
Hg 3: 

This isa common recent species of the West Indian and 
Caribbean fauna. Asa Miocene fossil it is found in Jamaica 
and Santo Domingo and it is here recorded from the Miocene of 
Costa Rica. 


Gatun Stage: Port Limon. 


Arca umbonata Lamarck Plate 22, figure 2 


Arca umbonata Lamarck, 1819, An. s. Vert., vol. 6, p. 37. 


Arca imbricata Gabb, 1873, Trans. Amer. Phila. Soc., vol. 15, p. 254, 
In part. 


Arca umbonata Sheldon, 1916, Paleont. Amer., vol. 1, p. 8. pl. 1, 
figs. 12-17. 
Arca umbonata Maury, 1917, Bull. Amer. Pal., vol. 5, p. 327, pl. 30, 
Ge SaT I, 
Arca mubonata Maury, 1920, New York Academy of Science, Sci. Sur. 
Of PWR VOlin sa Dtaal pee Os 
The Arca umbonata and the preceding occidentalis area com- 
moun as recent shells along the entire northern coast of Panama 
and Costa Rica. The A. umbonata is recognized by its more 
convex and angular shell and finer sculpture of the middle of 
the shell disk. Asa Gatun fossil we have but a single small 
shell from the Hast Grape Point Creek. Dr. Maury records 
the species from the Miocene of Santo Domingo and from 
Porto Rico. 


Gatun Stage: Coll. 1, East Grape Point Creek. 
Subgenus BARBATIA (Gray) Adams 


Arca Mauryae, n. sp. Plate 22, figure 4, 7 


Barbatia cf. Bonaczyi Maury, 1917, Bull. Amer. Pal., vol. 5, p. 329, 
pl. 30, fig. 15. Not of Gabb. 


J 
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Shell small, thin, convex, subrhomboidal in form; umbos 
wide and full; with the beaks at the anterior 1-3 of the shell; a 
rounded posterior umbonal slope; the anterior extremity is brok- 
enin the type specimen but from the earlier growth lines is 
simply rounded in form; the posterior side is obliquely truncate 
and meets the dorsal margin in a well-marked angle; the exteri- 
or is sculptured like that of Arca barbata, with the riblets group- 
ed in wide, regular bands which are defined by slightly deeper 
interspaces; the radial riblets are crossed and crudely granulat- 
ed by concentric threads; the sculpture on the posterior submar- 
gins is much heavier and predominantly radial that of the an- 
terior submargin is but slightly heavier than on the middle of 
the shell disk; interior of shell cavity deep, with a straight hinge- 
margin, the teeth arranged asin éarbata; cardinal area rather 
high, longitudinally striated posterior of the beaks, plain in 
front. . 

Length 24? height 11.50, semidiameter 5.50 mm. 

This species is closely related to the recent Avca barbata 
Linné. It differs from darbaza in its proportional shorter shell, 
greater convexity, less anterior beak and higher cardinal area. 
It is equivalent to the Dominican shell figured by Dr. Maury as 
Barbatia cf. Bonaczyt Gabb. Gabb in his remarks following his 
his description of Bonaczyz, compares his shell with darbaia, and 
states that in Bonaczyz, the beaks are more anterior and the pos- 
terior end more produced and sloping. This is the reverse of 
the conditions as seen in the present shell. Dall on the other 
hand, considers Gabb’s shell as synonymous with Arca umbonta 
Lamarck. 

Gatun Stage: Port Limon. 


Section CALLOARCA Gray 
Area cf. candida Gmelin Plate 22. figures 5, 6 
Arca candida Gmelin, 1792, Syst. Nat., p. 3311. 


Barbatia (Calloarca) candida Dall, 1898, Trans. Wagner Free Inst., 
Sci., vol. 3, pt. 4, p. 626. 
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Arca cadida Shelton, 1916, Palaeont. Amer., No. 1, p. 16, pl. 3, figs. 
egy AEE : 

We have several small valves of a Cal/oarca from the Mio- 
cene limestones of Port Limon, the largest of which has a length 
of 13 mm. ‘They belong to the Avca candida group and may 
possibly represent the young of that species. They seem to dif- 
fer in being more finely sculptured, especially about the middle 
of the shell disk. This sculpture consists of fine, beaded or 
granulated radial threads, which become coarser on the anterior 
and posterior submargins. 


The Arca candida is recorded by Dall from the Bowden beds 
of Jamaica, the equivalent of the coral limestones of Limon. Dall 
also mentions from the same locality, the occurrence of a smaller 
and possible distinct species. The Avca candida is a common re- 
cent species of the West Indies and the Caribbean, and is abund- 
ant on the north coast of Panama and Costa Rica. 


Length 18, height 11?, semidiameter 3.75 mm. 
Gatun Stage: Port Limon. 


Subgenus SCAPHARCA Gray 
Arca dariensis Brown and Pilsbry Plate 22, figures 10-13 


Arca oronlensis Dall, 1898, Trans. Wagner Free Inst. Sci., vol., 3, pt. 
4, p. 658. Not of Gabb. 

Arca dariensis Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. Phila., 
vol. 63, p. 362, pl. 22, fig. 10. 


Arca gatunensis Toula, Dec. 1911, Jahrb. der K-K Geol. Reichsanstalt, 
VOL; Oi) P4935 pli 20, Heads 

The common Ark of the Canal Zone. The shell is elongate 

in form with about 30 ribs. The ribs of the left valve are usually 

granulated over the whole shell, while those of the right valve 

are narrow and smooth on the middle of the shell disk. The ribs 

are characteristically divided on the anterior and posterior ends 
of the shell. 


Gabb has described an Arca oronlensis from the black shales 
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of Oronli Creek in the Talamanca Valley (probably the Uscari 
shell). It is like A. darviensis, in form, but with more central 
beaks and umbones and simple ribs. We have not seen this 
species. 
Gatun Stage: Gatun and Mt. Hope, C. Z. 
Woter Cay. 


Arca actinophora Dall Plate 23, figs. 7, 8; Plate:25, fig. 3 


Scapharca (Scapharca) acitnophora Dall, 1898, Trans. Wagner Free 
Inst. Sci., vol. 3, pt. 4 p. 647, pl. 33, fig. 26. 
Scapharca (Scapharca) actinophora Sheldon, 1916, Paleont. Amer., 
WO, Tg Toe GOL ole Tis wiley, vey 
A larger species than the darzenszs, with broad, wide umbos. 
The ribs number 36 to 40, arenarrow and separated by inter- 
spaces of a little more than their own width. These interspaces 
are generally finely ornamented by regular, even, concentric 
threads. The ribs are simple and on the left valve, usually strong- 
ly beaded or granulated throughout, becoming wider and smooth- 
er on the posterior portion, or with the granulations only on 
their edges, so that the ribs appear as if mesially depressed. The 
ribs of the right valve are less strongly beaded and may become 
quite smooth, especially on the center of the shell disk. 


Its ventral margin is gently curved to the rounded and not 
pointed posterior extremity. 

It is a common species at Mt. Hope in the Canal Zone, but 
it also occurs but less abundant in Western Panama and in 
Costa Rica. 

Gatun Stage: Mt. Hope, C. Z. 

Water Cay, Panama. 

Zone 4, Red Cliff Creek, C. R. 
Coll. 3, Hone Walk Creek, C. R. 
tii Banana Kiver,.C. kK. 
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Arca Henekeni Maury Plate 24, figs 13, 14 
Arca consobrina Sowerby, 1849, Quart. Journ. Geol. Soc. London, vol. 
6, p. 52, pl. to, fig. 12. Not of d’Orbigny, 1844. 


Arca consobrina Guppy, 1876, Quart. Journ. Geol. Soc. London, vol. 
32, Pp. 531. 

Arca consobrina Dall, 1888, Trans. Wagner Free Inst. Sci., vol. 3, pt. 
4, p. 646. 


Arca consobrina Sheldon, 1916, Paleont. Amer., No. I, p. 49. 

Arca Henekeni Maury, 1917,Bull. Amer. Pal.,vol. 5, p. 331,pl. 29,fig. 2. 

Arca (Scapharca) sobrina Pilsbry and Johnson, 1917, Proc, Acad. Nat. 

Sci. Phil., vol. 64, p. 186. 

Our shells from Water Cay are similiar in form and genera] 
sculpture to the d. Henekent Maury (A. consobrina Sowerby), 
from the Miocene of Santo Domingo, the only noticeable differ- 
ence being the greater number of ribs on the Panama shell. The 
ribs of Hlenekeni from Water Cay average about 39 in number, 
and 35 to 36 on the Dominican shells. The ribs of the left 
valve are evenly beaded or granulated by concentric threads 
which pass across the interspaces as elevated threads. The 
ribs of the posterior-dorsal submargins are nearly smooth. 
They are more or less divided at the anterior extremity and 
very finely beaded. 


Length 29, height 18.25, diameter 14.15 mm. 
aI, 18, semidiameter of right value 
7.25 mm. 
Gatun Stage: Water Cay. 


Arca costaricensis, n. sp. Plate 25, figures I, 2 


Shell moderately large, elongate, convex, with the beaks sit- 
uated at the anterior 1-3;ventral margin but gently curved to the 
attenuated and pointed posterior extremity; right valve with 
about 30 ribs, of which the most anterior and posterior ones are 
rather wide, the others narrow; interspaces on the center or the 
disk 3 times or more the width of the ribs; the ribs of the right 
valve are obscurely granulated on the anterior extremity, more 
or less smooth on the center but on the posterior extrem- 
ity, they are double and peculiarly granulated along their sides; 
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this granulation begins on the sides and on the more anterior 
ribs, the center is smooth; this granulation is in the form of in- 
verted V’s; their acute apices lying along the center of the ribs; 
the ribs of the left valve are more or less granulated or beaded 
throughout and with the ribs on the posterior extremity, double 
and similiar to those of the right valve; hinge-line straight, 
with very numerous small, uninterrupted teeth; a rather wide 
cardinal area with 5 or 6 ligamental grooves; ventral margin in- 
ternally fluted in harmony with the external ribs. 


Length 52, height 28, diameter 34 mm. 
52. Be, 17 mm (right valve). 


The form of this shell with its gently curved ventral mar- 
gin and attenuated posterior extremity is like the Arca actino- 
phora Dall, but is longer and with fewer and heavier ribs. On 
the other hand, this species may be compared with darzenszs 
Brown and Pilsbry, from which it differs most strikingly by its 
larger size, wider, higher and more central umbos and more 
pointed attenuated posterior extremity. 


Gatun Stage: Hill ra, Banana River. 
fiill 2, Banana River. 
Zone 7, Pumbri Creek. 


Arca honensis, n. sp. Plate 22, figures 8, 9 


Shell rectangular, elongote, moderately convex; beaks situ- 
ated at about the anterior 1-4; right valve with about 26, nar- 
row, smooth or irregularly granulated ribs, separated by inter- 
spaces of twice their own width; the left valve with the same 
number of ribs and similiar to those of the right valve; the ribs 
of both valves are simple and undivided and if granulated, most 
heavily on the anterior half of the left valve; interspaces smooth 
or with irregular, raised concentric threads; cardinal area long 
and rather wide and with 5 or 6 linear grooves; hinge-lines 
straight with very numerous, small, uninterrupted teeth; ven- 
tral margin fluted in harmony with the external ribs. 
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Length 39, height 23.5, semi-diameter 11 mm (lest valve) 
36.65 23 TZ (left valve) 
34 a3 II (right valve) 


In general form, quite similiar to the d47ca dariensis Brown 
and Pilsbry, but distinguished mainly by its simple, undivided 
ribs. It is also amore convex shell, with higher and more 
prominent umbos. It differs from Gabb’s figure of A. ovonlen- 
s7s 1n its more anterior umbos. 


It isa common species, occurring in zones in the Gatun 
sandstone of Hone Walk Creek of Eastern Costa Rica. 


Gatun Stage: Hone Walk Creek. 


Arca golfoyaquensis Maury, var. medioamericana, n. var. 
Plate 23, figures 4-6 


cf. Arca golfoyaquensis Maury,1917, Amer. Pal., vol. 5, p. 332, pl. 28, 
fig. 5. 

? Arca (Andara) consobrina Gabb, 1881, Journ. Acad. Nat. Sci. Phila., 
2nd series, vol. 8, p. 378. 

The Arca golfoyaguensis was described by Dr. Maury from 
the Gurabo and Cercado formation of Santo Domingo. It is 
closely related to the Avca Henekent Maury, (the Arca censob- 
yina) differing mainly in form. 

The Costa Rican shells are very similiar to Dr. Maury’s 
type specimens of golfoyaguensis, but differ in having 35 instead 
of 38 ribs, a higher shell, fuller umbos and sharper ribs on the 
posterior-dorsal area. The central ribs of the left valve are ele- 
gantly beaded with their interspaces evenly sculptured with 
raised concentric threads. On the right valve, the ribs are more 
smooth but their interspaces are similiarly sculptured to those of 
the left. The ribs of the posterior-dorsal angle of both valves 
become divided ventrally by 2 or 3 fine threads. The posterior 
extremity is straight, meeting the hinge-line at an angle of 
nearly 120 degrees. 


Length 54, height 34, diameter 34 mm. 
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Gatun Stage: Hill 1, Banana River. 
Coll. 5, Red Cliff Creek. 
Rio Blanco. 
Old Man Sam Creek, 1 mile south of beach. 


Arca Veatchi, n. sp. Plate 23, figures 1-3 


Shell large, moderately convex; in outline, the shell is near- 
ly square with the height about equal to its length; the anterior 
side is widely rounded to the ventral margin, the posterior side 
nearly straight, nearly at right angles to the hinge-line; umbos 
wide, with the unbonal angle widely rounded and with the ex- 
treme tip of the beaks situated at the anterior 1-3 of the total 
length of the shell; right valve with about 45 ribs, of which the 
posterior 14 are on the posterior-dorsal slope; the ribs are rec- 
tangular in section with the interspaces on the center of the 
disk about 3-4 of the width of the ribs; the ribs are finely scul- 
ptured but less strongly on the right valve; on the center of the 
shell disk, the ribs are finely nodulated or granulated but on the 
posterior-dorsal slope and on the anterior extremity, the granu- 
lations of the ribs is gradually overshadowed by the introduc- 
tion of 4 or 5 fine, threads on the top of each rib the interspaces 
on the center of the disk of the left valve are finely sculptured 
with even, raised concentric threads; the left valve is slightly 
larger and overlaps to a small extent the right; hinge-line 
straight with numerous small teeth, larger and higher at the ex- 
tremities; cardinal area that of typical Scapharca, and grooved 
with 3 lines; interior of the shell deep, with the posterior ad- 
ductor scar about twice the size of the anterior; basal margin 
fluted in harmony with the external sculpture. 


Length 51, height 51, diameter 41.5 mm. 


This is arather large, Cardium-like Arca of nearly square 
outlines and numerous finely sculptured ribs. Its form is also 
suggestive of Argina, but its cardinal areais that of a true 
Scapharca. The type specimen, a finely preserved individual 
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with both valves comes from the Gatun of Water Cay. It is 
quite unlike any other known American species. 

It is named for Dr. A. C. Veatch, Director of the Explora- 
tion Department of the Sinclair Consolidated Oil Corporation. 


Gatun Stage: Water Cay. 
Mis Tope nCoLs 


Arca auriculata Lamarck Plate 22, figure 3 


Arca auriculata Lamarck, 18to, n. s. Vert., vol. 6, p. 43. 

Arca (Scapharca) auriculata Dall, 1898, Trans. Wagner Free Inst., 
Sci., vol. 3, pt. 4, p. 649. 

Arca auriculata, Sheldon, 1916, Paleont, Amer., vol. I, p. 50, pl. Ii. 
fig. 19, 

Scapharca auriculata Maury, 1917, Bull. Amer. Pal., vol. 5, p. 339, pl. 
28, fig. 3. 

A common, recent species of the West Indies. Its hinge- 
line is generally produced or auriculated at its posterior extrem- 
ity. 

It occurs in the Miocene of Jamaica and Santo Domingo. 
Dall also records it from near Limon. 


The Costa Rican specimens in our collection are all small 
but otherwise typical. 
Gatun Stage: Coll. 3, Hone Walk Creek. 
Old Man Sam Creek, 1 mile south of the beach. 


Section CUNEARCA Dall 
Arca cacica, n. sp. Plate 24, figure 1 


Shell of moderate size, strongly convex and with high, in- 
flated umbos; beaks and umbos about the middle of the shell; 
the greatest convexity of the shell lying about the anterior 1-3, 
and with a narrow but deep, radial depressed zune extending 
from the beaks to the ventral margin, just anterior to the um- 
bonal angle; the anterior end is slightly rounded, the posterior 
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submargins strongly depressed or flattened with a straight post- 
erior margin; the left valve with 30 smooth and strongly nodul- 
ous radial ribs of which 9 are situated on the posterior sub- 
margin; the ribs of the posterior submargin are low, wide and 
nearly smooth; on the rest of the shell, the ribs are nodulose, 
very regularly in the middle of the valves more distantly on the 
anterior ribs; the interspaces between the ribs are narrow on the 
middle of the valves, become wider anteriorly and on the ex- 
treme anterior extremity equal the ribs in width; the cardinal 
area is high, as nearly % of the length. 
Length 39, height 33, diameter of the left valve 15 mm. 

The above description is based on a single left valve from 
the Upper Gatun beds near Cahuita. Distantly related to the 
Arca tncongrua Say and its southern form Jérasiliana Lamarck, 
the fossil species differs in its higher and more convex shell, and 
in its high cardinal area. In this latter feature, this species is 
like the recent West Coast Avca labiata Sowerby, but has a 
greater number of ribs and different form. 


Gatun Stage: Across the divide from Comadre Creek. 
' Groups of Avca Pittiert Dall 


This is a group of small and medium-sized Arks, containing 
3 species, whose general appearance is that of the recent A7ca 
Chemnitzi Phil. The Costa Rican shells are usually abundant 
wherever they occur in the Gatun formation. Their relations 
and differences may be summarized as follows: 

A. Both valves more or less similiarly sculptured, that is 
the ribs of the posterior half of the right valve, at least obsolete- 


ly beaded. 
B. Ribs 25 to 28; umbos high and full; posterior-dor- 


sal slope, angular; posterior extremity somewhat produced, 
giving an elongate outline to the shell. 


Area Pitttert Dall 


AA. Valves not similiarly sculptured; posterior half of 
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the right valve with narrow ribs, separated by wide inter- 
spaces. 
B. The intervals between the ribs on the posterior 
half of the right valve with small (sometimes faint) interstitial 
threads. Ribs about 29. 
Arca Lloydt, n. sp. 
BB. ‘The intervals between the ribs on the posterior 
half of the right valve smooth; ribs 25, shell usually 


larger. 
Arca Hinds, n. sp. 
Arca Pittieri Dall Plate 24, figures 2-6 
Arca | Scapharca) Pittieri Dall 1912,Smith. Misc. Coll., vol. 59, No. 2, 
bp. 9. 


This is a common species in the Gatun beds of the Banana 
River. The ribs of the 2 valvesare similarly sculptured but 
somewhat less strongly on the right. The umbos are high. 
The posterior extremity is pointed and produced so that the out- 
line of the shell is more elongate than in the following species: 

Length 25, height 25, diameter 26 mm. 
29 28 semi-diameter 14.5 mm. 

Gatun Stage; Hill ra, Banana River, 3. 

Zone £, Saury Creek. 
Rio Betey. 
Coll. 7, Pumbri Creek. 


Arca Lloydi, n. sp, Plate 24, figures 10-12 


Shell small, cordiform, covex, subrectangular in outline but 
with the left valve somewhat more pointed at its posterior-ven- 
tral extremity; anterior side well rounded; posterior side straight 
and meeting the basal margin at an angle of about 75 degrees; 
umbonal angle rounded; the left valve has 29 ribs of which 9 
are found on the posterior- dorsal slope; the ribs of the left 
valve are strongly beaded or granulated, and separated by inter- 
spaces of about their own width; on the right valve, the first 10 
anterior ribs are strongly beaded; the next set as far as the um- 
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bonal angle are smooth, beyond which on the posterior-dorsal 
slope the ribs again become beaded as they approach the dorsal 
margin; the interspaces on the right valve are wide, and on the 
shell disk anterior to the umbonal angle they carry a fine, but 
often faint interstitial thread; the intervals are otherwise smooth 
or finely etched with concentric lines; hinge-lines straight with 
numerous small, vertical teeth and a wide, smooth cardinal 
area. 
Length 18, height 18, semi-diameter 9.5 mm. 

A smaller species than the following (MzzdsZ) and easily 
distinguished by the interstitial thread of its right valve. It is 
much less common than the other two species. 

Named for Dr. E. R. Lloyd, formerly of the United States 
Geological Survey, and who was a member of the first Explora- 
tion Party of the Sinclair Oil Company in Panama and Costa 
Rica. 

Gatun Stage: Hill 3, Banana River. 

Zone 5, Red Cliff Creek. 
Coll. 7, Pumbri Creek. 


Arca Hindsi, n. sp. Plate 24, figures 7-9 


Shell small or of medium size, cordiform and similiar in out- 
line to the preceding species but larger; umbos high and wide, 
and but slightly anterior to the middle; the left valve has about 
26 strongly nodulated ribs, separated by interspaces of slightly 
greater width; the first 9 or 10 ribs of the right valve are nodu- 
lated, followed by smooth ones to the umbonal angle, beyond 
which the remaining 7 become nodulated as they approach the 
dorsal margin; interspaces wider than the ribs, smooth and 
without any interstitial thread; hinge-line straight with numer- 
ous, small vertical teeth and a wide, smooth cardinal area; on 
some shells the ligamental area may carry one or two, small 
diamond-shaped grooves. 

Length 24, height 25, semi-diameter 14 mm. 


A much larger species than the Zéoydz and without any in- 
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terstitial thread in the interspaces of its right valve. It is nam- 
ed for Dr. Henry Hinds, formerly of the United States Geologi- 
cal Survey and the Exploration Department of the Sinclair Con- 
solidated Oil Corporation. 
Gatun Stage: Hill No. 37, Banana River. 

Zone E, Saury Creek. 

Coll. 1, East Grape Point Creek. 

Coll. 3, East Grape Point Creek. 

kio Betey. 


Subgenus NOETIA, Gray 
Arca MacDonaldi Dall Plate 25, figures 4-7 


Area (Noetia) MacDenaldi Dall, 1912, Smith, Misc. Coll., vol. 59, No. 
2, P. 9. 

This large Voétia, is very common and characteristic of the 
Gatun formation in many parts of Northern Costa Rica, and 
large specimens may reach a length and height of 55 mm or 
more. It was originally described by Dall from specimens col- 
lected by Pittier and MacDonald from the Gatun beds of the 


Banana River, where it is associated with Avca Pittierd and is 
very abundant. 


Two forms or varieties may be recognized. In typical M7ac- 
Donaldi, the shell is high, trigonal, with elevated, narrow umbos 
and a producted anterior extremity. The beaks are separated from 
the hinge-line by a wide ligamental area. This is the common 
form along the Banana River. Frequently associated with typi- 
cal MacDonaldi are shells with a more rectangular outline, lower 
but wéde umbos. ‘The beaks are close to the hinge line so that 
the 4igmental area ts narrow, ‘These two types have a very dif- 
ferent appearance but seem to be connected by transitional forms. 
To the last variety, I propose the name of subreversa. 


Among recent shells, the 47ca MacDonald: finds its closest 
relation with the common Arca reversa Sowerby of the Pacific 
coast of Central America. 


367 Costa Rica MriocenE—O1Lsson 195 


Gatun Stage: Hill 1, 1a, Banana River, typical and var. 
suberversa 


Coll. 7, Pumbric Creck (typical) 
Coll. 6, Red Cliff Creek (typical) 
Betey (subreversa) 

Zone G, Saury (subreversa) 


Genus PTERIA, Scopoli 


Pteria inornata Gabb Plate 28, figure 9 


Avicula inornata Gabb, 1873, Trans. Amer. Phil. Soc., vol., 15, p. 


253. 
Pteria tnornata Dall, 1898, Trans. Wagner Free Inst. Sci., vol. 3, pt. 
4, p. 669. 
fteria inornata Maury, 1817, Bull. Amer. Pal., vol. 5, p. 345, pl. 26, 
fig. 14. 


This species is locally common in Costa Rica, but generally 
difficult to collect because of its thin and fragile shell. Its 
valves are as high as long, strongly convex and smooth. The 
anterior ear is of medium size, the posterior much larger and 
produced. 

It was described as a Miocene fossil from Santo Domingo, 
but has also been collected at Bowden. 


Uscari formation. Old Harbor. 
Gatun Stage: Zone 3; Red Cliff Creek. 


Genus OSTREA, Linnzus 


Ostrea megodon Hanley Plate 18, figure 1 


Ostrea megodon Hanley, 1845, Proc. Zool. Soc. London, p. 106. 

cf. Ostrea cerrosensis Gabb, 1869, Geol. Sury. Calif., vol. 2, p. 35, pl. 
Li. ig. On. 

Ostrea megodon Dall, 1897, Trans. Wagner Free Inst., vol. 3, pt. 4, p. 
685. 

Ostrea megodon Maury, 1917, Bull. Amer. Pal., vol. 5, p. 347, pl. 34, 


Aes 3): 
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This is a medium sized and sickle-shaped oyster with 4 or 5, 
large, tooth-like folds on the anterior and ventral margins. The 
beak and ligamental area are directed upwards and sometimes 
strongly to the posterior side. Its external surface, although 
strongly and deeply folded, is plain and nearly smooth. 


The Ostrea megodon isa recent species along the west or 
Pacific coast of Central America. It occurs also as a Miocene 
fossil in Santo Domingo and in the Bowden beds of Jamaica. 


Gatun Stage: Water Cay. 
Coll. ga, East Grape Point Creek. 
Fiill ra, Banana River. 


Ostrea costaricensis, n. sp. Plate 21, figure 2 


Ostrea scuipturata Bose, 1906, Boll. de Inst. Geol. de Mexico, numero 
22, p. 76, pl. 9, fig. 4. Not of Conrad, 1840. 

Shell of medium size, subcircuiar in form but somewhat ob- 
lique; the shell is somewhat flexed or slightly saddle-shaped, the 
concave side of which corresponds to the left valve; both valves 
are strongly sculptured, the right with narrow, rib-like costz 
and wider interspaces, the left valve with the reverse of the 
sculpture of the right; the ribs are more or less nodose or knob- 
bed and are crossed by irregular concentric lines, which in some 
cases may become raised or lamellar-like; the hinge margin is ir- 
regularly crenulated: 


Height 50, length 47, diameter 19 mm. 
The type isa specimen from the Gatun of the Rio Blanco 
with both valve tightly closed so that the interior cannot be 
seen. What appears to be the same species, is represented by 


several sessile and free valves from East Grape Point Creek, and 
which are associated with O. megodon. 


It differs from the Osfrea gatunensis - haitensis_ group by its 
smaller size; less heavy shell and in that the ribs of the valves 
are narrow and coste-like and not long, strong plice. Bose 
has recorded and figured this species as Ostrea sculpturata Con- 
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rad from the Miocene (as Pliocene) of the State of Oaxaca, 
Mexico. It is very distinct from the East Coast, Chesapeake 
Miocene Ostvea sculpturata both by its form and sculpture. 


Gatun Stage: Rio Blanco. 

Coll. ga, East Grape Point Creek. 

The collection also contains fragments or much decayed 
specimens of two or more large oysters, one of which is probably 
the gatunensis Brown and Pilsbry of the Canal Zone, anda 
large, heavy sel/eformis-like species, possibly the Gilbertharrisi 
Maury of the Dominican Miocene. The specimens are however 
too fragmentary for positive determination. 


Genus PECTEN, Muller 
Pecten gatunensis Toula Plate 16, figures 3, 4 


Pecten (Flabellipectcn) gatunensis Toula, 1908, Jahrb. der K-K Geol. 
Reichsanstalt Wien, vol. 58, p. 711, pl. 29, fig. 2. 

Fecten gatunensis Brown and Pilsbry, 1911, Proe, Acad, Nat. Sci. 
Phila., vol. 63, p. 365. 

Shell rather large, subcircular; the left valve is nearly flat 
or slightly vaulted transversely across the middle of the shell; 
the right valve is moderately convex; the ears are small and 
nearly equal,those of the right valve slightly flaring at the sides; 
the right valve has 23 or 24 fairly strong ribs separated by inter- 
spaces a little more than % of their width; in large right valves, 
some of the central ribs become dichotomously or trichotomously 
divided but this feature is not always developed to the same ex- 
tent on all shells; the left valve has 18 or 19 ribs which fade out 
ou the wide dorsal submargins; the ribs of the left valve are 
narrow with the interspaces nearly twice as wide; the surface is 
covered with fine, even, raised concentric threads best preserved 
on the left valves; interior fluted. 


Length 62, height 60? diameter 12.5 mm. 
62 60? 4 mm (left valve) 
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We have redescribed this species as Toula had but a speci- 
men of the right valve. Itisa true Pecten, distantly related to 
the Pecten hemicyelicus Ravenel from the Chesapeake Miocene of 
Florida and the Carolinas, but is smaller and less broad. In both 
species, the ribs on the right valves of large specimens become 
divided in the same manner. 


Gatun Stage: Gatun, C. Z. 
Water Cay, 


Pecten MacDonaldi, n. sp. Plate 16, figures I, 2 


Shell large, subcircular; ears of medium size and equal; left 
valve is slightly convex due tothe middle of the shell being 
transversely humped or vaulted and a depressed zone follows on 
the inner slope of each of the raised dorsal submargins; the 
right valve is slightly but evenly convex; sculpture of the right 
valve consists of about 26, low ribs which widen out as they 
approach the ventral margins; their interspaces are at first nearly 
as wide as the ribs themselves but become only % or 4 as wide 
ventrally; the left valve has 21 or 22 narrow ribs and wider inter- 
spaces; on the dorsal submargins, the ribs are small and fade 
away; surface with fine, even, raised lines best seen on the left 
valve. 


Length 106, height 97, semi-diameter 12 mm. 
83 80 mim. 


The fragmentary Toro limestone at Gatunand Toro Point 
contains very few good fossils,although the rock itself is compos- 
ed almost entirely of broken and ground fragments of shells and 
barnacles. Dall has described an Apitontum toroensis from the 
Toro Point limestone where it is fairly common. The Pecten 
MacDonaldi is found in the Toro limestone which caps the hills 
just west of the locks at Gatun. 


This species has much the same contour as the recent Pecten 
maximus Linné, from Kurope. It isa larger species than the 
Pecten gatunensis 'Toula, 


Toro Limestone. Gatun, west of the locks. 
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Pecten coralliphila, n. sp, Plate 17, figures 5, 6 


Shell small, very thin and generally translucent; broader 
than high; right valve moderately convex, the left concave with 
raised submargins; eats small and subequal; sculpture of the 
right valve of about 23 low, flat ribs, with flat interspaces a 
little more than % the width of the ribs; some of the ribs may 
become divided medially; the ribs of the left valve, about 20 in 
number, are narrow, usually somewhat irregularly spaced so 
that their interspaces are of variable width and new ribs may 
occasionally appear inthe wider interspaces near the ventral 
margin; surface in addition finely sculptured with even, raised 
concentric threads; interior of the shell fluted well into the cav- 
ity of the shell, in harmony with the external ribs. 


Length 34, height 29, semi-diameter 4 mm (right valve) 


This Pecten is fairly common in the coralline phases of the 
Miocene and its associated marls and sands. It is extremely thin 
and fragile in texture. Its sculpture resembles that of Pecten 
gatunensts Toula but is much more irregular. The interspaces 
of the left valve are of very variable width. 


Gatun Stage: Port Limon. 


Subgenus CHLAMYS, Bolton 
Section PLAGIOCTENIUM Dall 


Pecten fevicostatus Toula Plate 16, figures 5-7 


Pecten tevicostatus Toula, 1908, Jahrb. der K-K Geol. Reichsanstalt, 
Wien, vol. 58, p. 713, pl. 26, figs. 4, 5, 6. 

Pecten (Chlamys) santarosanus Bose, 1906, Boll. de Inst. Geol. de 
Mexico, numero 22, p. 73, pl. 6, figs. 3, 4, ? Pecten (Chlamys) 
santarosanus Bose, op. cit. p. 23, pl. 1, figs. 1 and 4, 2 and 5. 

A scallop of the general type of Pecten ventricosus Sowerby; 
both valves equally and strongly convex; ribs about 21, which 
are square or rectangular in section on the umbos and with deep 
interspaces; the ribs generally flatten or become more rounded in 
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large shell near the ventral margins; the interspaces are covered 
with fine, raised, concentric lines, best seen on the umbos or on 
young shells; they become more crowded towards the ventral 
margins and may pass over the tops of the ribs as well; the dor- 
sal and posterior submargins are strongly flattened and sculp- 
tureless; the anterior ear is a little larger, projects forward and 
carries, in the right valve, a byssal notch; it is sculptured with 
several radial riblets; the posterior ear has its upper half nearly 
smooth or but faintly sculptured, but its lower half carries a 
band of 5 or 6 strong, radial cords. 


Height 29, breadth 34, thickness 10.50 mm (right valve) 
34 38 23 (both valves) 
59 43 14 (left valve) 


This is the common Pecten in Costa Rica and frequently 
forms zones in the lower part of the Gatun formation. All our 
specimens have 21 ribs, which vary from strongly rectangular 
in section with deep interspaces to more flattened and rounded 
on the larger individuals. 


Bose has described as Pecten santarosanus, a small scallop 
shell from the Miocene of the State of Oaxaca, Mexico. The 
ribs number 23 to 25. Later in the same volume, he figured a 
larger Pecten from the Miocene of La Barranca de Santa Marie 
Tatella, as Pecten santarosanus. ‘This shell has but 21 ribs and 
is equivalent to Toula’s Jevicostata. If this larger specimen of 
Bose’s is equivalent to his typical sazfarosanus, this name must 
of course take priority over Toula’s devicostatws. As Bose’s typi- 
cal santarosanus has 23 to 25 ribs, while in Jezzcostatus the ribs 
appear to beconstantly but 21 in number, they probably repre- 
sent two different species. 

In the Dominican Miocene Jevicostatus is represented by the 
Pecten excentricus Gabb, which appears to differ constantly by its 
lower and more rounded ribs and smaller ears. ‘The recent 
Pacific Pecten ventricosus Sowerby is closely related and probably 
the direct descendent of /evicostatus. In that species, the ribs 
are low and rounded as in exceniricus and as occasionally seen in 
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large examples of /evicostatus. The sculpture of the posterior 
ear is uniform. In the Chasapeake Miocene fauna the Pecten 
eboreus Conrad, variety comparilis Tuomey and Holmes is dis- 
tantly related, but is larger, less convex and generally with 
more numerous ribs. 


Gatun Stage: Gatun, C. Z. QOuitana Creek. 
Water Cay. 
Flone Creek. 
Banana River. 
Estrella River. 


Pecten cestaricensis, n. sp. Plate 18, figures 8-11 


Shell small, inequivalve, oblique; the right valve is moder- 
ately convex, the left but slightly; right valve with 17 flat-top- 
ped ribs, square in section and with deep U-shaped interspaces 
of a width equal to the ribs; these interspaces are sculptured 
with fine, concentric, raised lines which are quite far apart on 
the umbos, but become crowded ventrally or disappear entirely; 
the left valve has 17 or 18 ribs which are lower and more round- 
ed in section; the fine concentric lines on the left valve are con- 
fined to the umbos, the interspaces over the greater part of the 
shell being smooth; the anterior and posterior dorsal slopes are 
flattened and smooth, but sculptured below in each valve by 
strong radial threads on the lower side of the ears; ears subequal; 
the right valve with a deep, byssal notch in its anterior ear; the 
left valve has the lower half of each ear with 3 strong radial 
threads, while on the upper half, the radial threads are largely 
obsolete; valves internally grooved in harmony with the exter- 
nal ribbing to about the center of the shell. 


Height 26.50, breadth 28, thickness 7.50 mm (right valve) 
24 24 4.00 mm (left valve) 
27 28 5.50 mm (left valve) 


Differs from the Pecten levicostatus ‘Toula, by its unequal 
valves, less convexity and fewer ribs. It is somewhat like the 
Pecten inequalis Sowerby, from which it is distinguished by its 
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more flattened left valve and lower, smaller ribs of its right. In 
inequalis, the fine, lamellose, concentric lines cover the entire 
interspaces between the ribs on both valves, while in the present 
species the interspaces of the left valve are largely smooth with 
the concentric lines confined to the extreme umbonal area. 
Gatun Stage: Coll. 4, Red Cliff Creek. 
r mile south of the beach, along Old Man Sam 
Creek. 
Coll. 4, East Grape Point Creek. 
Rio Blanco. 


Section AEQUIPECTEN, Fischer 
Pecten (Aequipecten) preglypius, n. sp. Plate 17, figures 2, 7 


Shell of moderate size, subcircular in form and convex; ears 
of usual size, subequal and with a straight hinge-line; sculpture 
of about 16 or 17 wide, little elevated ribs and narrower, scarce- 
ly distinguishable interspaces; the surface is otherwise smooth 
or with fine, concentric lines; interior of the shell with 29 or 30 
Amustum-like internal liree which are evenly spaced and not in 
pairs; these liree are very faint in the middle of the shell cavity 
but strong distally. 


Length 50, height 49, semi-diameter 6.5 mm. 


An Amusium-like species found in the lower sandstones and 
conglomerates of the Gatun formation in upper Cocles Creek. 
It is closely related to the recent deep-water Pecten glyptus Ver- 
rill from the cost of Hatteras and Marthas Vineyard (see Dall 
Proc. U.S, Nat. Mus.,, vol. 12, p. 248, pl. 8, fies.2) 33)e poem 
species having about the same number of low, wide ribs and in- 
ternal lirae. The fossil shell seem to have been nearly circular 
while glypius is decidely oblique in outline. 

Gatun Stage: Upper Cocles Creek. 
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Subgenus PSEUDAMUSIUM, H. and A. Adams 
Section PSEUDAMUSIUM, s. s. 


Ry . . 
Fecten almirantensis, n. sp. Plate 18, figure 16 


Shell small, thin, compressed or but slightly convex; the 
posterior and anterior dorsal slopes are straight, meeting the 
beaks at an acute angle; the right valve is finely sculptured with 
close, regular, concentric lamelle and wider interspaces; the 
posterior and anterior sides show a few, irregular, radial threads 
which cross the concentric lamelle; the ears are unfortunately 
broken; the interior of the shell cavity is filled with a thin de- 
posit of callus; ventral margin plain; hinge line minutely groov- 
ed with vertical lines. 


Length 4.75, height 4.75, diameter of right valve 60 mm. 
This small, elegant species is represented solely by an im- 
perfect right valve and represent the first true Pseudamusium to 
be discovered in the Miocene beds of Panama. Its sculpure is 
like the recent deep water Pseudamustum strigtllatum Dall from 
the West Indies, but differs in having its anterior and posterior 
dorsal submargins meeting at the beaks at a much more acute 
angle. 


Gatun Stage: Bocas del Toro. 


Section CYCLOPECTEN, Verrill 


Pecten oligolepis Brown and Pilsbry 


Pecten aff. subhyalinus Smith, Toula, 1911, Jahrb. der K-K Geol. 
Reichsanstalt, Wien, vol. 61, p. 492, pl. 31, figs. Ia, b, c. 

Pecten (Cyclopecten) oligolepis Brown and Pilsbry, 1912, Proc. Acad. 
Nat. Sci. Phila., vol. 64, p. 512, text-figure 5. 

A very small species with broad, nearly smooth valves and 
large ears. ‘The right anterior ear has a deep byssal notch and 
its surface is sculptured with fine, raised, concentric, lamellose 
lines. The ears of the left valve are similiarly sculptured but fin- 
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er. The surface of the valves appear nearly smooth but in well- 
preserved specimens very faint concentric lines and fine radial 
strize may be seen. ‘The left valve is more coarsely sculptured. 
The hinge is finely grooved with vertical lines. The measure- 
ments given by Pilsbry for his Gatun specimen, length 2.8, 
height 2.7, diameter of right valve .8 mm, are the usual dimen- 
sions for the Costa Rican specimens. 


Gatun Stage: Gatun, C. Z. 
Coll. 4, East Grape Point Creek. 
Middle Creek. 


Pecten aotus, n. sp. Plate 18, figures 17, 18 


Shell small, thin, depressed or but slightly convex and 
Amusium-like; both valves except on magnification appearing 
smooth; ears of the left valve large and subequal; the anterior 
ear of the right valve about twice that of the posterior and car- 
rying a deep, byssal notch; the surface of the left valve on mag- 
nification is seen to be sculptured with fine, radial lines which 
often occur in irregular streaks or blotches, imparting a peculiar 
appearance to the shell; the right valve is perfectly smooth and 
featureless, except for a band of rough scales on its anterior ear 
above the byssal notch; interior of shell cavity shallow, a simple 
ventral margin and the hinge-line vertically grooved with fine 
lines. 


Length 4.5, height 4.5, diameter .75 mm. left valve. 


Differs from Pecten oligolepis Brown and Pilsbry in its larg- 
er size, thinner and more 4 muszum-like shell, and strongly sculp- 
tured left valve. This sculpture consists of fine lines or camp- 
tonectes striations, which may be uniformly distributed but more 
usually occur in irregular streaks or blotches, imparting a dis- 
tinctive appearance to the surface. This sculpture is seen only 
on a slight magnification, the shell otherwise appearing smooth 
and featureless. It is quite common in the coralline limestones 
of Port Limon. 
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Gatun Stage: Port Limon. 
Coll. 5, Red Cliff Creek 


Genus AMUSIUM, Bolton 


Amusium luna Brown and Pilsbry Plate 17, figure 1 


Amusium Mortoni Bose, 1906, Boll. de Inst. Geol. de Mexico, Numero 
22, p. 24, pl. 1, figs. 3,6, 7,9. Not Amusium Mortonit Ravenal, 


1844, 
Amusium Mortont Bose, op. cit. p. 74, pl. 8, figs. 1, 2; pl. 3, fig. 3. 
FPecten (Amusium) cf. Mortonit Toula, 1908, Jahrb. der K-K Geol. 
Reichsanstalt, Wien, vol. 58, p. 714, pl. 26, figs. 8, 9. 


Fecten (Amusium) luna Brown and Pilsbry, 1912, Proc. Acad. Nat. 
Sci. Phila., vol. 64, p. 514, pl. 23. fig. I. 


This is the common Gatun Amusium in Panama and Costa 
Rica. Its valves are nearly equal and but slightly convex; ears 
equal and small, and defined from the rest of the shell by a 
sharp ledge; the umbos, as well as the rest of the shell disk are 
smooth, except for the faint lines of growth; the internal ribs 
are in pairs, numbering about 23 and spaced at intervals nearly 
twice the width of the pairs of ribs themselves. 


Bose and Toula both referred this species to the Upper 
Chesapeake Miocene and recent Amustum Mortont Ravenel, 
from which it is very distinct. Amuszum Mortoni is not only 
much larger (height 170 mm), but is porportionately much 
broader, and with larger ears which are defined simply by a line 
from the rest of the shell. 


The Dominican A. papyraceum Gabb has larger ears, the in- 
ternal ribs are more crowded and the left valve is generally 
strongly flexed along the anterior and posterior submargins. 
Amustum Toule Brown and Pilsbry, is found in the Gatun of 
the Canal Zone. Its surface is marked with dark-colored rays 


and is said to contain no internal ribs. 
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Gatun Stage: Gatun, C. Z. 
Hotel Creek. 
Zone 6, Old Man Sam Creek. 
Coll. 4, East Grape Point Creek. 


Amusium bocasensis, n. sp. Plate 17, figures 3, 4 


Shell rather small, thin and subcircular in outline; moderate- 
ly convex; ears proportionately larger than in 4. Juma, and with 
their dorsal margins slightly inclined upwards from the beaks to 
their outer edges; the surface is smooth and polished, finely 
covered with concentric growth-lines and faintly showing the 
position of the internal lire; interior of shell with about 34 
lirze, which are usually nearly evenly spaced and not in pairs; 
the internal liree comimence well in the interior of the shell, but 
are strongest distally. 


Height 4o, breadth 43. 
35 38, thickness 6 mm. (right valve) 


A much smaller and more delicate species than the A muszum 
luna Brown and Pilsbry. The internal lire are more or less 
equally spaced and not in pairs. It differs from Amusium Lyonit 
Gabb from the lower Miocene of Sapota, Costa Rica by its much 
smaller ears. 


Gatun Stage: Bocas del Toro. 


Genus SPONDYLUS, Linnzeus 
Spondylus chiriquiensis, n. sp. Plate 20, figures 1, 2, 5, 6 


Shell large, ponderous, equivalve and strongly convex; both 
valves of the same convexity, but with the beak of the right, 
high and projecting above the strongly incurved beak of the left; 
in large shells both valves are provided with a cardinal area, 
that of the right being both high and wide and for the greater 
part straight but the beak curving over it toa small extent at 
its upper end; the cardinal area of the left vale is much smaller, 
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narrow and appears only with maturity and is more or less hid- 
den by the strongly incurved beak; the sculpture consists of 
strong radial cords and small ribs divisible into 3 sets; a primary 
set of 7, which in perfect specimens and in the young carry large, 
strong spines; a secondary thread in each of the wide interspaces 
and when perfect bearing smaller spines, and tertiary threads of 
a variable number between the secondaries and primaries; the 
whole surface is in addition, finely, longitudinally starited with 
minute, scale-bearing threads; young shells have a small foliace- 
ous area on the umbo of the sessile or right valve and strong 
spines on both valves. 


Height 151, length 120, diameter 115 mm. 


A large, ponderous species with nearly equal and strongly 
convex valves which show no distortion due to attachment 
Young shells associated with the type have a small, somewhat 
foliaceous attachment area on the right valve, and each valve 
bears large, strong spines on its primary set of radial cords and 
finer spines on its secondary and even on some of the tertiary 
threads. 

Of described species, the chzviguzens?s seems nearest related 
to the dostrychites Guppy from the Miocene of Santo Domingo 
and Jamaica but differs by its much larger size, proportionately 
more convex whorls and by its cardinal area which is more up- 
right and with a more incurved beak at its upper end. The 
sculpture of chiriqguiéensts is more spiny,the spines being borne by 
the primary radials and to a less degree by the secondaries, and 
even by the tertiaries. In Jostrychites only the primaries bear 
spines, the others appearing as large, nearly smooth, intermedi- 
ate threads and cords. We have specimens of a large, closely 
allied Spondy/us from the Chesapeake Miocene of Florida, dif- 
fering mainly in its cardinal area and in details of sculpture. 


Gatun Stage: Water Cay. 


Spondylus gumanomocon Brown and Pilsbry Plate 21 figure I 


Spondylus americanus Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15, 
p. 257. Not of Lamarck. 
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Spondylns gumanomocon Brown and Pilsbry, 1912, Proc. Acad. Nat. 
Sci. Phila., vol. 14, p. 514, footnote. 


Spondylus gumanomocon Maury, 1917, Bull. Amer. Pal., vol. 5, P- 
355- 

This is a species with very unequal valves, that of the left 
or upper, being small, pectiniform and lacking in a cardinal 
area, while the right or lower valve is strongly convex, with a 
high produced beak and a high cardinal area. The sculpture of 
the two valves is similiar, except that the umbo of the right is 
strongly foliaceous. It occurs in the Miocene of Santo Domin- 
go, where it was referred to the recent S. americanus by Gabb. 


Gatun Stage: Coll. 2, Hone Walk Creek. 
Port Limon. 


Genus PLICATULA, Lamarck 


Plicatula marginata Say Plate 28, figures 6, 7 


Plicatula marginata Say, 1824, Journ. Acad. Nat. Sci. Phila., vol. 4, 
PP. 136-137, pl. 9, fig. 4. 

Plicatula marginata Dall, 1898, Trans. Wagner Free Inst. Sci., vol. 3, 
Pt.r4) Pp. 704; 

The Panama and Costa Rican examples are not typical but 
they approach more closely the Pilicatula marginaia Say than 
they do the denxsata which Dall has recorded from the Bowden 
beds of Jamica. 


The shells vary from subcircular to elongate and in some 
cases carry the dark, marginal band so frequently seen in typical 
marginata, ‘The ribs number five to seven; the shells with more 
rounded form and more numerous ribs suggest the densata, but 
the ribs are higher and more foliaceous, and can be exactly du- 
plicated by scores of true marginata in the Cornell collection. 
The above determination must however be considered as purely 
provisional at the present time. 


The typical P. densata was described by Conrad from the 
lower Chesapeake Miocene of New Jersey, but it also occurs in 


ee 
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the synchronous Calvert formation of Maryland. It is also found 
as a lower Miocene fossil in Florida and Dall recorded it from 
the Bowden beds of Jamaica and from the Oligocene of Gual- 
lava, Costa Rica. The P. marginata Conrad is an Upper Chea- 
peake Miocene and Pliocene fossil of the eastern United States. 
Gatun Stage: Water Cay, 
Old Man SamCreek, 1 mile south of the beach. 


Genus LIMAEA, Born 
Limaea solida Dall Plate 28, figure Io 
Limea solida Dall, 1898, Trans, Wagner Free Inst. Sci., vol. 3, pt. 4, 
Pp. 769, pl. 35, figs. 4, 5. 

A small, solid shell, externally sculptured like a small Gly- 
cymerzs. It has 12 rounded ribs and a coarsely crenulated basal 
margin. Our single specimen from Costa Rica isa little smaller 
than Dall’s specimens from Bowden. 


Gatun Stage: Coll. 4, Red Cliff Creek. 


Genus ANOMIA, (Linné) Muller 
Anomia simplex d’Orbigny Plate 21, figure 6 


Anomtia ephippium Conrad, 1845, Fossils of the Medial Tertiary, p. 
75, pl. 43, fig. 4. Not of Linné. 
Anomia simplex d’Orbigny, 1845, Hist. Pol. y Nat. Isla de Cuba, p. 


367. 

Anomia ephippium Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15, p. 
aT 

Anomia simplex Dall, 1898, Trans. Wagner Free Inst., Sci., vol. 3, 
Diy Da 7o4e 


Anomia simplex Bose, 1906, Boll. de Inst. Geol. de Mexico, numero 
22, p. 25, pl. 2, figs. 18-23. 
Anomia simplex Maury, 1917, Bull. Amer, Pal., vol. 5, p. 355, pl. 26, 
Giger 5: 
The Anomia simplex is both common and characteristic in 
the Gatun of Costa Rica as well as in certain parts of the Prov- 
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ince of Colton, Panama, near the Canal Zone. It frequently 
gives rise to important zones in the lower part of the Gatun for- 
mation, where it occurs in large numbers associated with Pectex 
levicostatus Toula. 

The specimens are generally large, thin-shelled, smooth and 
irregular in form, due to the object on which they were attach- 
ed. They average for the upper valves about 35 mm in 
height. 


Anomia simplex appears as a Miocene fossil in the eastern 
United States for the first time in the St. Mary’s formation of 
Maryland in the upper part of the Lower Chesapeake. It occurs 
throughout the Upper Chesapeake Miocene and Pliocene and 
passes into the recent fauna. Locally as a fossil it may become 
very abundant, as at the base of the Pliocene overlying Upper 
Chesapeake Miocene along the shores of Lake Waccamaw, 
North Carolina. It occurs rarely as a Miocene fossil in Santo 
Domingo, where it has been recorded by Gabb and Maury. In 
Mexico, it occurs in the Miocene of Santa Rosa, Vera Cruz as 
figured by Bose. 

Gatun Stage: Several localities, Prov. of Colon, Panama. 

Middle Creek. Comadre Creek. 
flone and Hotel Creeks. 
Ffill No. 2, Banana River, Soury Creek, ete. 


Genus PLACUNANOMIA, Broderip 
Placunanomia lithobleta Dall Plate 21, figures 3, 4) 5 
Placunanomia lithobleta Dali, 1898,Trans. Wagner Free Inst. Sci.,vol. 
3, pt. 4, p. 778. 
Placunanomia lithobleta Maury, 1917, Bull, Amer. Pal., vol..5, p. 356, 
Ply Aenean TD. 
The Costa Rican specimens are frequently widely plicate, 
neatly as much as in the Duplin Miocene P. Alicata Tuomey and 
Holmes, but the surface is marked with fine, wavy, radial threads 
so that even very small fragments of this species are very easily 
recognized, It occurs in the Miocene of Jamaica, its type local- 
ity, and in the Miocene of Santo Domingo. 
Gatun Stage: Fill 3, Banana River. 
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ORDER ANOMALODESMACEA 


Genus THRACIA, Blainville 
Subgenus CYATHODONTA, Conrad 
Thracia Tristani, n. sp. Plate 20, fig. 3 


Shell thin, subquadrate, the left valve slightly convex; the 
beaks situated at the posterior 1-3 of the shell, are low and in- 
conspicuous; anterior end, wide and broadly rounded, the poster- 
ior contracted, depressed and truncated at its extremity; the sur- 
face is sculptured with regular wave-like folds, which on the 
middle of the shell are concentric, but are oblique on the anter- 
ior portion; they are lacking from the posterior area; in addi- 
tion the whole surface is very finely pustulose and crossed by 
very indistinct growth-lines. 

Length 42, height 30, diameter of the left valve 7.00 mm- 


The Cyathodonta gatunensis Toula of the Canal Zone isa 
similiar but larger species, reaching a length of 52 mm. It dif- 
fers from the Costa Rican species in its greater proportional 
length, the more central beaks and inits sculpture, which ac- 
cording to Toula’s figure is strictly concentric. 

The C. undulata Conrad, a recent species from the Gulf of 
California, is sculptured like 77zstanz with oblique riblets but 
the left valve is depressed and strongly flattened. 

This species is named for Professor J. Fidel Tristan, Director 
of the National Museum of Costa Rica. 


Gatun Stage: Rio Betey. 
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ORDER TELEODESMACEA 


Genus CRASSATELLITES, Kruger 


Crassatellites Reevei Gabb Plate 20, figure 4 


Crassatella antillarum Reeve? C. Reevei Gabb 1873, Trans. Amer. 
Phil. Soc. vol. 15, p. 252. 


Crassatellites reevei Brown and Pilsbry, 1913, Proc. Acad. Nat. Sci. 
Phila., vol. 64; py 515. ple 23, .te.. 5: 


The Crassatellites Reevei Gabb is not an uncommon fossil 
in the Gatun beds of western Panama and Costa Rica. Our 
specimens agree quite closely with Brown and Pilsbry’s figure of 
the single right valve collected by Gabb in the Miocene of Santo 
Domingo. Young and full-grown specimens show a strong 
posterior angulation which extends from the beak to the poster- 
ior ventral extremity. The posterior end is obliquely truncated 
but less so in young shells. The surface sculpture consists of 
even, concentric costze which on the slightly flattened umbos are 
a little wider apart as in the Crassatediites of the section Scam- 
bula Conrad. Inthis later character, our shells disagree with 
Brown and Pilsbry’s redescription of Gabb’s type specimen, in 
which the sculpture is said to extend without any irregularity 
upon the rather flattened umbos. 


The C. mediamericanus Brown and Pilsbry from Sapote, 
Costa Rica is an earlier shell and is higher, less obliquely trun- 
cated behind, more coarsely sculptured and lacks the posterior 
angulation. In these characters except the lack of the posterior- 
umbonal angulation it is like the young shells of Reeve7. 


Length 55, height 36.5, semi-diameter 10.5 mm. 
50 35 diameter 21-tim, 
58 42 semi-diameter 14 mm. 
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Gatun Stage: Water Cay. 
Old Man Sam Creek, Coll. No. 6. 
Banana River. 


Subgenus CRASSINELLA, Guppy 


Crassatellites bowdenensis Dall, variety costaricensis, n. var. 
Plate 29, figure 12 


Cf. Crassatellites ( Crassinella) bowdenensis Dall, 1903, Trans. Wagner 
Free Inst. Sci., vol. 3, pt. 6, p.-1476, pl. 50, figs. 2,-3. 


Shell small, triangular, slightly convex, subequilateral, the 
’ anterior end generally a little longer and more pointed; beaks 
triangular, slightly pointing forwards; lunule large, narrowly 
lanceolate, smooth; escutcheon small; surface sculptured with 
small, even, concentric riblets which on some shells may be 
strong and persistent over the greater part of the shell, or on 
some specimen sub-obsolete; interior of shell cavity shallow, with 
a moderately heavy hinge. 
Length 3.00, height 2.75, diameter .75 mm. 
3.50, 2:50, .75 mm. 

The typical dowdenenszs Dall from the Bowden Miocene of 
Jamaica is a more solid, more convex and triangular shell. The 
variety costaricensis is very abundant at several localities in Costa 
Rica in certain horizons. The sculpture varies from strong, 
even, concentric riblets covering the greater part of the shell, to 
forms which are nearly smooth. 

Gatun Stage: Hill ra, Banana River. 

Middle Creek. 
Zone 3, Quitana Creek. 


Crassateilites midiensis, n. sp. Plate 29, figure 11 


Shell small, trigonal, slightly convex and equilateral; the 
beaks are central and erect; the dorsal margins straight and 
meeting at the beaks nearly at right angles; the surface is sculp- 
tured with subregular, distant, concentric lamellz-like riblets, 
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numbering about 10; the interspaces carry irregular, finer, con- 
centric lines; lunule narrowly lanceolate, with the escutcheon 
narrow and smaller; interior of shell cavity shallow, with a mod- 
erately heavy hinge. 

Length 3.25, height 3.25, diameter of one valve 1.00 mm. 


A small, rare species, somewhat like the C. Guppyz Dall of 
the Miocene of Jamaica, but more trigonal, with more central 
beaks and somewhat different sculpture. The sculpture and 
form are very similar to specimens of C. galvestonensts Harris in 
the Cornell Collection from the Chesapeake Miocene of York- 
town, Va. This latter species is generally much worn but per- 
fect specimens have a coarse concentric sculpture like that of 
lunulatus Conrad. ‘The Costa Rican shells are however very 
much smaller. 

Gatun Stage: Middle Creek, C. R. 

Coll. 4, East Grape Point Creek. 
Water Cay, Panama. 


Genus CARDITA, (Bruguiére) Lamarck 
Cardita caribbeanensis, n. sp. Plate 26, figure 22 


Shell small, moderately convex, elongate, its length a little 
less than twice its height; beaks very near the anterior end are 
small but distinct; an umbonal ridge extends from the beaks to 
the posterior-ventral extremity and along which and bordering 
the ribs are largest; the right valve with about 20, hight, narrow 
and sharply nodulose ribs, separated by wide, triangular, smooth 
interspaces; 6 of the ribs are situated on the posterior-dorsal 
submargins, and of which the 4th and sth from the dorsal mar- 
gin are much smaller than the others; of the remaining ribs, the 
largest are found on the umbonal ridge, and become progressive- 
ly smaller anteriorly; lunule small but distinct; hinge of the 
right valve that of typical Cardita, with 3 cardinal teeth of which 
the middle one is much the largest, no laterals; ventral margin, 
internally fluted in harmony with the external ribs. 
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Length 18, height 12.50, diameter of the right valve 
5.50 mm. 

This small species represented by a single right valve in our 
collection appears to be a true Cardita, its hinge being essential- 
ly that of the recent West Coast Cardita laticostata Sowerby. 
With the exception of a few doubtful species in the Eocene of 
United States, true Cardita has heretofore not been found as a 
fossil in the Americas and its recent American species are con- 
fined to the Pacific coast. 

Compared with the recent Cardita laticostata Sowerby, which 
is abundant along the Pacific Coast of Panama, the fossil shell 
differs in its smaller size, smaller umbos and inform. Its lunule 
is like that of /aticostata. 


Gatun Stage: Banana River. 


Section CARDITAMERA, Conrad 
Cardita matima, n. sp. Plate 32, figure 8 


Shell robust, solid, strongly inequilateral with the beaks 
situated at the anterior extremity of the shell; umbos 
large and full with strongly curved beaks above the small, 
sunken lunule; outline of the shell from within is subrectangu- 
lar with straight ventral and posterior sides which meet at 
nearly right angles; sculpture of about 18 strong, heavy cord- 
like ribs, separated by interspaces 1-3 of their width; the ribs 
are strongly nodulated on the disk and umbonal portion of the 
shell, but below they are simply irregularly wrinkled; a deep 
furrow extends from the beaks to the posterior extremity, just 
above the umbonal angle; the rib forming the summit of the 
ridge between the umbonal furrow and the hinge-line is larger 
than those on each side; shell cavity deep with a crudely den- 
ticulated ventral and posterior margin; hinge large (broken in 
our specimen), with a well-developed anterior lateral tooth in its 


left valve. 
Length 30, height 25, semi-diameter 12 mm. 
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But a single specimen of this very distinct spceies was col- 
lected by Dr. A. C. Veatch from the Upper Gatun of Old Man 
Sam Creek in eastern Costa Rica. It differs from the other 
known American Carditameras by its convex shell and strongly 
curved beaks. The ribs are large and strongly nodulated at 
first, becoming irregularly wrinkled near the ventral margin. 
The hinge is unfortunately broken on our specimen, a left valve, 
but the small anterior lateral still remains which shows this shell 
to belong to the section Carditamera 

Gatun Stage: Old Man Sam Creek, 1 mile south from 

shore. 


Genus VENERICARDIA, Lamarck 


Venericardia scabricostata Guppy Plate 32, figures 14, 17 


Cardita scabricostata Guppy, 1866, Quart. Journ. Geol. Soc. London, 
Vol: 22, p. 293, pl-r8, fig. To: 


Cardita scabricostata Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15, p- 
252. 
Venericardia scabricostata Maury, 1917, Bull. Amer. Pal., vol. 5, p- 
BO25 Pleas Syke aLe 
This species originally described by Guppy from the Bowden 
beds of Jamaica is common in the Miocene of Costa Rica and 
frequently forms small zones in the Gatun beds. It occurs also 
in the Miocene of Santo Domingo. 
The ribs numbering about 18 are high, narrow and strongly 
granulated. The interspaces are wide and generally smooth. 
Gatun Stage: Zone E, G, Saury creek. 
Zone I, 3, East Grape Point creek. 
Coll. 5, Red Cliff creek. 
fleadwaters of Middle creek. 
Coll. C, Comadre creek. 


Venericardia Terryi, n. sp. Plate 32, figures 12, 13 


Shell of medium size, solid, moderately convex and sub-cir- 
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cular in form; beaks situated well forward and but slightly 
back of the extreme anterior end of the shell; the beak itself is 
small and loosely coiled over the small sunken lunule; sculpture 
consists of about 13, low, wide, smooth ribs which fit so closely 
together that there are no interspaces between them; the ribs are 
rounded in section on the umbos, wide and low ventally; the ribs 
are largest about the middle, small and fading away on the poster- 
ior and anterior dorsal submargins; interior concealed in a hard 
sandstone matrix. 
Length 22, height 21, semi-diameter 6 mm. 


The first specimens of this interesting species was collected 
by Mr. R. Terry from some Gatun sandstones in Quitana Creek, 
a small tributary streams of the Rio Betey. In that locality, it 
is an abundant species and occurs in small zones. 

It is related to the recent Pacific, V. crassicostata Sowerby 
but is a much smaller species. 

Gatun Stage: Outtana Creek. 

fiill No. 3, Banana River. 


Subgenus PLEUROMERIS, Conrad 


Venericardia Conradiana Gabb, var. limonensis, n. var. Plate 26, figs. 19, 20 


Cardita Conradiana Gabb, 1881, Journ. Acad. Nat. Sci. Phila., vol. 8, 
and series, p. 377, pl. 47, fig. 79. 

Shell small, subcircular, moderately convex; umbos high 
and prominent, with small, inconspicuous beaks at the anterior 
1-3 of the shell; the sculpture consists of about 18 heavy, gran- 
ulated ribs, separated by somewhat narrower interspaces; interi- 
or of the shell deep, the hinge with 2 cardinal teeth and a small 
posterior and anterior lateral. 

Length 7.00, height 7.00, diameter of the left valve 
3.00 mm. 

Gabb specimen described from the Pliocene beds of the 
Limon Peninsula, measures 14% mm in length. His enlarged 
figure is very similiar to the present shell, in its subcircular form 
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and in number of ribs. The figure of the hinge shows the two 
cardinal teeth but no laterals. 


The common ¢ridentata Say of the Upper Chesapeake Mio- 
cene and recent fauna of the West Indies differs mainly in its 
more triangular form. 


Gatun Stage: Port Limon. 


Genus CHAMA, (Linné) Bruguiére 


Chama congregata Conrad Plate 28, figure 11 

Chama congregata Conrad, 1833, American Journal of Science, vol. 23, 
Pp. 341. 

Chama congregata Conrad, 1838, Fossils of the Medial Tertiary, p. 32, 
Pla ee. 

Chama congregata Dall, 1903, Trans. Wagner Free Inst. Sci., vol. 3, 
pt. 6, p. 1460. 

Chama congregatoides Maury, 1917, Bull. Amer, Pal., vol. 5, p. 200, 
pl. 33, fig. 8. 


Our specimens from Costa Rica are all small and belong to 
the upper or free valve, which in this species is the right. These 
specimens cannot be distinguished from true congvegata of the 
same size from the eastern United States, where it is an abund- 
ant fossil throughout most of the Chesapeake Miocene. The 
upper or right valve is finely, radiately frilled or fluted and these 
frills are cut by the concentric lamelle. The attached or left 
valve is more coarsely sculptured,both radially and concentrical- 
ly. 

Gatun Stage: Water Cay. 

Collg, Rea Cay Creer, 


Genus ECHINOCHAMA, Fischer 
Echinochama antiquata Dall Plate 28, figure 8 


Chama antiquata Guppy, 1866, Quart. Journ. Geol. Soc. London, vol. 
22, p. 294. Not of Linné. 

Echinochama antiquata Dall, 1903, Trans. Wagner Free Inst. Sci., vol. 
3, pt. 6, p. 1404, pl. 54, fig. 9. 
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Not Echinochana antiquata Maury, 1917, Bull. Amer. Pal., vol. 5, p. 
365, pl. 33, fig. 10. &. yaguensis Maury. 

This species described by Dall from the Bowden beds of 
Jamaica differs from the common, recent arcinella Linné of the 
West Indies, by its more numerous, irregular and lower ribs 
which bear only small, short spines. In arcinella the middle 
ribs are heavy and bear large, stump-like spines and the wide 
interspaces are reticulated with a coarse, mesh-like sculpture. 


Gatun Stage: Middle Creek, 
Coll. 6, Old Man Sam Creek. 
flill No. 1, Banana River. 
kio Blanco. 


Echinocama yaquensis Maury Plate 28, figure 5 


Chama arcinella Moore, 1853, Quart. Journ. Geol. Soc. London, vol. 
9, p. 130. Not of Linné. 

Chama arcinella Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15, p. 
251. 

Chama arcinella Guppy, 1874, Quart. Journ. Geol. Soc. London, vol. 
BQ p53 I 

Echinochama antiquata Maury, 1917, Bull. Amer. Pal., vol. 5, p. 365, 
pl. 33, fig. 10. Not of Dall. 


Echinochama antiquata var. yaguensis Maury, 1917, op. cit. p. 365, pl. 
Bek, HORE Its 1X 

Echinochama trachyderma Pilsbry and Johnson, 1917, Proc. Acad. 
Nat. Sci. Phila., p. 197. 

The “Lchinochama yaquensis Maury from the Miocene of 
Santo Domingo, where it is the prevaling species, differs from 
the antiguata by the reduced number of its ribs, which in some 
cases are nearly obsolete and in having its surface covered with 
a coarse, mesh-like sculpture of raised pustules. 


In Costa Rica, the az¢zquata is the common species, but we 
have also a single species of yaguenszs collected from the lower 


Gatun near Old Harbor. 


220 BULLETIN 39 392 


Gatun Stage: Old Harbor. 
CUI, (Cx HA 


Genus DIPLODONTA, Brown 


Section DIPLODONTA, s. s. 


Diplodonta collina, n. sp. Plate 32, figure 15 


Shell small, subcircular, convex; umbos wide, with small 
inconspicuous beaks, slightly posterior of the middle; anterior 
and posterior extremities well rounded into the base forming a 
part of the same circle; surface sculptured with fine, even, con- 
centric threads which are nearly lacking from the smooth umbos; 
hinge normal, and a plain ventral margin. 

Length 6.75, height 6.75, diameter of the right valve 
1.60 mm. 

A small shell resembling the Dzplodonta nucletformis Wag- 
ner of the Upper Chesapeake Miocene and the recent West In- 
dian fauna, but less convex and more finely sculptured. 

Gatun Stage: Middle Creek. 


Section FELANIELLA, Dall 
Diplodonta insula, n. sp. Plate 32, figure 21 


Shell small, slightly convex, subcircular; beaks slightly 
posterior of the middle so that the posterior is a little longer 
than the anterior; beaks low and inconspicuous; both anterior 
and posterior extremities widely rounded, the posterior and the 
ventral margin forming a part of the same circle; surface with 
fine, concentric threads heaviest on the extremities, but nearly 
lacking from the umbonal area; interior of shell shallow, the 
right valve with a strongly bifid posterior cardinal; ventral mar- 
gin plain. 

Length 6.60, height 6.50, diameter of the right valve 
1.25 mtn, 


| 
| 
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A small, subcircular shell, neatly sculptured with fine, con- 
centric threads. D. minor Dall from the Bowden beds is strong- 
ly oblique. 

Gatun Stage: Water Cay. 


Genus MYRTAEA, Turton 


Myrtaea limoniana Dall Plate 32, figures I1, 23 


Myrtea limoniana Dall, 1903, Trans. Wagner Free Inst. Sci., vol. 3, 
pt. 6, p. 1358, pl. 52, fig. ro. 

A small, thin and slightly convex shell, its surface sculptur- 
ed with fine, thin and sharp, elevated, concentric lamellae. We 
have several specimens from the coral limestones of Port Limon 
as well asalarger specimen from Zone 4, of Red Cliff Creek. 
This later shell measures: heigth 9.50, length 10.00, diameter of 
the right valve 2.50mm. It occurs also in the Bowden beds of 
Jamaica. 

Gatun Stage; Port Limon. 

Coll. 4, Red Cliff creek. 


Genus PHACOIDES, Blainville 


Subgenus CALLUCINA, Dall 
Phacoides radians Conrad, var. medioamericanus, n. var. Plate 32 fig. 16 


The Phacotdes radians Conrad is a fossil of the Upper Ches- 
apeake Miocene of the Carolinas but has continued through the 
Pliocene to the recent fauna. The Costa Rican fossils differ from 
typical radians in having their umbos sculptured with about 
6 ribs much stronger than the concentric, while in typical 
radians, the ribs are more numerous and about equal to the con- 
centric lines. [The medioamericanus is also smaller as may be 
seen in the measurements given below, while vadzans is large 
(20 mm) and often quite convex. 

Length 9.5, height 9, semi-diametes 2.5 mm. 
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Gatun Stage: Headwater of Middle creek. 
Old Man Sam creek, 1 mile south of the beach. 


Subgenus HERE, Gabb 


Section CAVILUCINA, Fischer 


Phacoides trisulcatus Conrad 


Lucina trisulcata Conrad, 1841, Trans. Amer. Assoc, Nat. and Geol., 
Volo Fp ab LO: 

Lucina trisulcata Conrad, 1845, Fossils of the Medial Tertairy, p. 71, 
pl. 40, fig. 5. ea 

Phacoides (Cavilucina) trisulcatus Dall, 1903, Trans. Wagner Free 
Insta Sct... vols 3, pt. 0, _P. F300- 

Few specimens from the Gatun of Middle Creek. They 
are identical with typical specimens from the Chesapeake Mio- 
cene of the eastern United States. The species also occurs in the 
recent fauna. 

Gatun Stage: Middle creek. 

Old Man Sam creek. 


Subgenus LUCINISCA, Dall 


Phacoides costaricensis, n. sp. Plate 32, figure 5 


Shell subcircular, moderately thick and but slightly convex: 
beaks small and inconspicuous, a little in front of the middle; 
dorsal area impressed and well defined; sculpture consists of 
strong, regular, radial threads, widely separated by interspaces 
2 or 3 times the width of the threads themselves; they are cross- 
ed by distant but regular concentric ridges, the intersection form- 
ing small beads or granulations, strongest on the anterior and 
posterior extremities; the lunule is narrow, lanceolate and with 
the concentric sculpture predominanting; interior of shell cavity 
rather shallow, the ventral margin coarsely serrated by the ex- 
ternal sculpture. 


R 
is 
4 
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Length 11.50, height 11.00, diameter of the left valve 
2.25 mm. 


This species is recognized by its depressed or but slightly 
convex shell and coarse sculpture, of which the radial is a little 
stronger. Phacotdes cribrarius Say and nassula Conrad are both 
more convex, with the concentric lamelle more distantly spaced 
on the umbos and dominating over the radial. P. murtcatus 
Spengler of the West Indies is much more finely sculptured. 

We have also a young shell from Water Cay which is pos- 
sibly P. nassula, var. caloosana Dall of the Florida Pliocene. It 
is very close to specimens of that species in the Cornell collec- 
tion. 

Gatun Stage: Middle creck. 


Phacoides bocasensis, n. sp. Plate 32, figure 6 


Shell thin, subcircular, depressed; dorsal area well defined 
by a marked change in sculpture; beak small, but distinct, placed 
a little in front of the middle; the sculpture on the disk of the 
shell is fine, composed of subequal, radial threads, separated by 
narrow interspaces; the ribs and interspaces are crossed by fine, 
concentric threads or ridges which produce a finely scabrous 
surface; the concentric threads are a little more widely spaced 
on the umbos; the dorsal area is defined by a stronger radial, be- 
yond which follows a wide radial band, strongly sculptured with 
the concentric threads or lamellz but lacking in radials; the up- 
per half of the dorsal band bears in addition to the concentric 
lamellz, 2 or 3 weak but scabrous radial threads; the lunule is 
very narrow, lanceolate and with a few strong, concentric lame- 
lle; interior of the shell cavity shallow, with the ventral margin 
finely crenulated. 

Length 10.00, height 9.25, diameter of the left valve 
2.00 mm. 

A depressed and very finely sculptured species whose gener- 
al form is that of P. muricatus Spengler of the recent West In- 
dian fauna. It is more regularly sculptured than the P. hispan- 
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tolana Maury of the Cercado formation of Santo Domingo but 
the main difference lies in their dorsal areas, that of hzspaniolana 
Maury being sculptured more or less like the rest of the shell; 
in bocasensts, as described above, the sculpture of the dorsal area 
is dominantly concentric, only the upper half bearing 2 or 3, low 
but scabrous radials. 


Gatun Stage: Bocas del Toro. 
Subgenus PARVILUCINA, Dall 
Section BELLUCINA, Dall 


Phacoides actinus Dall Plate 32, figure 24 


Phacoides (Bellucina) actinus Dall, 1903, Trans. Wagner Free Inst. 
Sot, voles, Dts Ow. E3S5o plee52. ule na. 


Dall gives for his typical specimens from the Bowden beds 
of Jamaica, a height of 4.50 mm, while the Panama shells, all 
from Bocas Island, do not exceed 3 mm in height but agree in 
other respects. It is also recorded by Maury from the upper 
part of the Cercado formation of Santo Domingo. 


Gatun Stage: Bocas del Toro. 


Genus DIVARICELLA, von Martens 


Divaricella quadrisulcata d’Orbigny Plate 32, figure 20 

Lucina divaricata Conrad, 1840, Fossils of the Medical Tertiary, p. 39, 

pl. 20, fig. 3, but not of Linné. 

Lucina quadrisulcata d’Orbigny, 1846, Voy. Am. Mer., Pp. 584. 

Divaricella quadrisulcata Dall, 1903, Trans. Wagner Free Inst. Sci., 

vol. 3, pt. 6, p. 1389. 

Lucina (Divaricella) guadrisulcata Bose, 1906, Boll, de Inst. Geol. de 

Mexico, numero 22, p. 77, pl. 11, figs. 2, 3. 

This species is very rare in Costa Rica. The shells are rath- 
er thin and generally more finely sculptured and approach in 
this respect the D. compsa Dall of the Florida Pliocene. Our 
larges specimen measures: height 14 m, length 10 mm, diameter 
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of left valve4.50 mm. The D. prevaricata Guppy of the Mio- 
cene of Santo Domingo and Jamaica measures only 8 mm in 
height. 


The D. quadrisulcata is a recent species of the West Indies 
appearing in the east coast Miocene of the United States for the 
first time in the Upper Chesapeake. 


Gatun Stage:Coll. 4,5, Red Cliff creek. 
Middle creek. 


Genus CARDIUM, Linné 
Subgenus TRACHYCARDIUM, Moerch 


Cardium stiriatum Brown and Pilsbry Plate 27, figures 4, 5 


Cardium (Trachycardinm) stiviatum Brown and Pilsbry, 1911, Proc. 
Acad. Nat. Sci. Phila., vol. 63, p. 366, pl. 28, fig. 11. 


This is most elegant of the several species of Cardium in 
the Miocene of Panama and Costa Rica. The shell is high and 
inflated with about 30 radial ribs which are peculiarly sculptur- 
ed with twisted or obliquely projecting tuberclers placed on the 
posterior side of the ribs and overhanging the adjacent inter- 
space. Large specimens may reacha height 50 mm. It is re- 
lated to the recent West Coast Cardium belcheri Broderip. 


Gatun Stage: Gatun, C. Z. 
Water Cay, Panama. 
fiull No. 1, Banana River. 


Cardium dominicense Gabb Plate 27, figure 2 


Cardium )Trachycardium) dominicense Gabb, 1873, Trans. Amer. 
Phil. Soe;, vol. 15, p. 25. 

Cardium ( Trachycardium) dominicense Gabb, 1881, Journ. Acad. Nat. 
Sci. Phila., 2nd series, vol. 8, p. 344. 

Cardium (Trachycardium) gatunensis Toula, 1908, Jahrb. der K-K 
Geol. Reichsanstalt Wien, vol. 58, p. 720, pl. 27, fig. 4. Not Card- 
ium (Fragum) gatunensis Dall, 1900. 
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Cardium ( Trachycardium) dominicense Brown and Pilsbry, 1911, Proc. 
Acad. Nat. Sci. Phila., vol. 63, p. 367. 

A large species abundant in the Canal Zone but usually only 
as internal casts. It appears to be rare in Costa Rica, our col- 
lection containing only a few fragments of a large individual 
from East Grape Point Creek. It is distinguished not only by 
its large size, but very numerous (60+) fine ribs. 

Gatun Stage: Gatun, C. Z. 

East Grape Point Creek, C. R. 
Sapote, C. R. (Gadd) 


Cardium costaricanum, nu. sp- Plate 27, figure 3 


Shell ovate, solid, inflated; umbos wide and full with high 
beaks; sculpture of about 24 strong ribs, rounded or subtrian- 
gular in section with their apex leaning posteriorly except those 
on the posterior slope which lean anteriorly; interspaces narraw, 
formed by the sides of the ribs; the ribs are mostly smooth ex- 
cept those on the anterior half of the shell which have their pos- 
terior side more or less granulated; this granulation is found al- 
so on a few of the central ribs near their ventral margin; hinge 
narrow; internal margin fluted in harmony with the external 
ribs. 

Length 24.50, height 34, semi-diameter 15 mm. 

This species is not uncommon in Costa Rica and may easily 
be confused with the C. dominicanum Dall. It differs in its 
larger side, narrow umbos, more pointed beaks and more flatten- 
ed ribs. 

Gatun Stage: Coll. 4, East Grape Point Creek. 


Subgenus FRAGUM, Bolton 


Cardium medium Linnzeus Plate 27, figure 6 


Cardinm medium Winnzeus, 1758, Sys. Nat. ed. 10, p. 678. 

Cardium medium Reeve, 1844, Conch. Icon., Cardium, pl. 6. fig. 
30. 

Cardium (Fragum) medium Dall, 1900, Trans. Wagner Free Inst. 
Sci, volo spt 5. pe broL. 
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A recent West Indian species but also common as an Up- 
per Miocene and Pliocene fossil along the Atlantic coastal plain 
of eastern United States. The ribs number 24 to 27 in front of 
the umbonal angle. Dall has described a Cardium (Fragum) 
gatunensts from Gatun, on which the ribs number only 16 in 
front of the truncation and ro behind. 


Gatun Stage: Port Limon. 


Section TRIGQNIOCARDIA Dall 
Cardium heredium, n. sp. Plate 27, figure to 


Shell small, solid, oblique, convex and subquadrate; strong- 
ly carinate on the posterior-umbonal slope and truncated; umbos 
high and prominent; shell sculptured anterior to the truncation 
with 12 or 13 strong ribs, separated by interspaces about % to 
Y% as wide; there are 7 or 8 smaller ribs on the posterior trun- 
cation; the interspaces are finely sculptured with small, elevated 
cross-threads; the anterior set of ribs on the type specimens are 
wide, subequal and smooth; the posterior are unequal, with the 
three, bordering the umboal angulation much the smaller and 
bearing small and scattered pustules; on the posterior ribs where 
the pustules are lacking, are small dot-like depressions. 


Height 11.50, length 11.50, diameter 6.00 mm. 


This species approaches the Cardium apateticum Dall from 
the Oak Grove sands of Lower Miocene age in Florida. It dif- 
fers by its more oblique umbos and proportionately higher shell. 
The pustules are variously developed and on some shells are 
more strongly developed and may also appear on some of the 
ribs anterior to the truncation. These more strongly scalptured 
shells may prove with more material to belong to another 
species. 

Gatun Stage: Rio Betey. 

Banana River. 
Ffistrella River. 
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Subgenus PAPYRIDEA, Swainson 


Cardium spinosum Meuschen, var. Turtoni Dall Plate 27, figure I 


Cardium (Papyridea) spinosum var. Turtoni Dall, 1ygoo, Trans. Wag- 
ner Free Inst., Sci., vol. 3, pt. 5, p. 1108. 

The fossil shells from Costa Rica, are referrible to this var- 
iety of spinosum, distinguished by having the interspaces be- 
tween the ribs marked with a flat thread, between sharp grooves. 
This variety is also found fossil in the Chesapeake Miocene at 
Jackson Bluff Florida and in the Pliocene Caloosahatchie beds of 
the same state. It the recent fauna it is confined, according to 
Dall, to the eastern Atlantic, with the typical sfzzoswm in the 
West Indies and a third variety aspersum Sowerby along the 
Pacific side. 


Gatun Stage: Port Limon. 


Subgenus LAEVICARDIUM, Swainson 
Cardium serratum Linnzeus Plate 27, figures I1, 12 


Cardium serratum Linneeus, 1758, Syst. Nat., ed. 10, p. 680. 


Cardium (Levicardium) serratum Dall, tooo, Trans. Wagner Free 
ImstSci, voli) pies) pukl Lo, 


Cardium (Levicardium) serratum Brown and Pilsbry, 1911, Proc 
Acad. Nat. Sci. Phila., vol. 63, p. 367. 


Cardium (Levicardium) serratum Maury, 1917, Bull. Amer. Pal., vol. 
Seba o7O, pls 36, figsS: 

Most of the fossil shells are indistinguishable from recent 
examples of serratum from the West Indies. Others shells are 
decidely oblique and approach in form the C. sudblineatum Con- 
rad of the Upper Chesapeake Miocene of eastern United States. 
The C. venustum Gabb from the Miocene of Santo Domingo is 
very distinct from sevratum and characterized by its faintly flex- 
uous outline, strong radial striz, and in having the lower cardin- 
al tooth large and strong. 
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Gatun Stage: Gatun, C. Z. 
Middle Creek. C. R. 
wie Betey eC. RR. 


Genus PROTOCARDIA, Beyrich 


Protocardia costaricensis, n. sp. Plate 27, figure 13 


Shell small, rather thin, convex; beaks a little anterior to 
the middle, with high, inflated umbos; the anterior end is wide- 
ly rounded, the posterior somewhat truncated; the posterior area 
is well differentiated and occupies the posterior one-third of the 
shell and is sculptured with numerous small radial threads sep- 
arated by wider interspaces; these interspaces are finely sculp- 
tured with cross-threads; anterior of the posterior area the shell 
surface is sculptured with small radial threads which are finely 
beaded; on the anterior end of the shell, the beading is more ir- 
regular and is seen to be made by the concentric sculpture. 


Height 18, length 21, diameter of the left valve 7 mm. 


This species differs from both P. jamaztcensis Dall from the 
Bowden beds of Jamaica and P. tslahtspaniole Maury from the 
Miocene of Santo Domingo by its smaller posterior area. It ap- 
proaches more closely the Dominican shell but is shorter and 
more coarsely sculptured. 

The P. Newberryana Gabb from Gatun is based on a large 
internal cast which is entirely unrecognizable. 


Gatun Stage: Comadre creek. 


Subgenus LOPHOCARDIUM, Fischer 


Protocardia gurabica Maury Plate 27, figures 7-9 


Protocardia gurabica Maury, 1917, Bull. Amer, Pal., vol. 5, p. 377, pl. 

36, fig. Io. , 
Shell thin, inflated, a little longer than high and with the 
greatest convexity about the center of the shell; the umbos are 
high, prominent and wide, and project well above the hinge 
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margin; the anterior end is well rounded into the base; the pos- 
terior end is more contracted and gaping slightly at its extremi- 
ty; surface sculpture on the body of the shell, anteriorly con- 
sists of narrow, concentric wrinkles which are best developed on 
the anterior end but become obsolete on the middle of the shell 
and posteriorly; in addition the whole surface carries fine, 
sub-obsolete radial threads; on the posterior area, the sculpture 
is of heavier and coarser radial threads, lacking the concentric, 
except t he irregular growth lines. 


Height 56, length 32, diameter 20 mm. 


The subgenus Lophocardium, of which there are two recent 
species along the West Coast of Mexico, differs from the true 
Protocardia, in its gaping posterior end and lack of lateral teeth 
as well-as in important difference in its anatomical structure. 
The shells are strongly convex, with high, inflated umbos and 
are extremily thin and fragile. 


The P. gurabica was described by Dr. Maury from the Gur- 
abo formation of Santo Domingo, and compared by her with the 
Vickburgian P. diversa Conrad, but it appears to me to be a typ- 
ical Lophocardium and representing the first member of this in- 
teresting subgenus to be found in the fossil state. As her speci- 
men is very fragmentary, I have redescribed the species from 
better preserved Panama and Costa Rican material. The poster- 
ior end is gaping and the internal mold shows no impression of 
lateral teeth along the hinge margin. It approaches closely the 
L. Annette Dall, dredged from 8 to 27 fathoms in the Gulf of 
California, except that it is proportionately longer and lacks the 
concentric wrinkles on its posterior area. The L. Cuming? Brod- 
erip, the type of the subgenus, carries between its posterior area 
and the general surface of the shell, a thin radial lamina or crest, 
extending from the umbos to the ventral margin. 


The fossil shell is extremily thin. It generally occurs simp- 
ly as internal molds which may still retains a part of the shell 
or impression of its sculpture on its surface. 
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Gatun Stage: Gatun, and Mt. Hope, C. Z. 
Water Cay. 
Margarita Trail, C. R. 


Genus DOSINIA, Scopoli 


Section DOSINIDEA, Dall 


Dosinia acetabulum Conrad Plate 31, figure I 


Artemis acetabulum Conrad, 1833. Fossils of the Tertiary Formations, 
19h AY OVE Moy ssker, oe 

Dosinia acetabulum Bose, 1906, Boll. de Inst. Geol. de Mexico, num- 
CLO 2a POL Mp ele ll eS eT Ie 

Dosinia (Artemis) cf. acetabulum Toula, 1908, Jahrb. der K-K, Geol. 
Reichsanstalt, Wien, vol. 58, p. 727, pl. 27, figs. 8, 8a. 

The Dosinia acetabulum has been recorded by Bose from 
Mexico and by Toula from Panama, but their determinations 
were based on imperfect material or casts. The Costa Rican 
collection however contains a large series of finely preserved Do- 
sinias which are unquestionably the Dosznza acetabulum Conrad 
of the Chesapeake Miocene. 

The surface of the Costa Rican specimens are generally 
neatly sculptured with even, concentric bands or ribbons which 
on the middle of the shell disk average 2 mm in width. The 
form of the shell is subcircular and like the typical D. acetabu- 
lum of the Yorktown formation of Virginia and North Carolina. 
The Costa Rican shells are equally as large as the Chesapeake 
shell measuring in height 70 mm or more. 

The Dosinia acetabulum in the eastern United States, is a 
most characteristic fossil of the Chesapeake Miocene, where its 
range extends throughout most of the lower and upper Chesa- 
peake formations. It is lacking from the Lower Miocene or the 
Alum Bluff formation of Florida, as well as from the succeeding 
Pliocene. Inits range through the Chesakeake Miocene, it 
gives rise to several well-marked varieties of which the broad 
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subcircular shell of the Upper Chesapeake is the typical form. 
The Costa Rican shells are most like the Upper Chesapeake 
typical acetabulum. 

Brown and Pilsbry have described a smaller and more finely 
sculptured species from the Gatun Spillway as delicatissima. 
This spceies is represented in our collection from the same place 
and appears to be distinct. Toula’s specimen from Gatun, how- 
ever, is a true acetabulum. 

The Dosinia acetabulum is a common fossil in the Gatun 
beds of Costa Rica, where it occurs most abundautly in the 
lower part of the formation. 

Gatun Stage: Gatun, C. Z. 

Hotel and Hone Creek. 
Pumbri Creek. 

ffill No. 3, Banana River. 
Coll. 6, Estrella River. 


Genus CLEMENTIA, Gray 
Ciementia dariena Conrad Plate 31, figure 4 


Meretrix dariena Conrad, 1856, Pacific R. R. Reports, vol. 5, p. 328, 


pl. 6, fig. 55. 

Clementia dariena Gabb, 1881, Journ. Nat. Sci. Phila., vol. 8, p, 344, 
pl. 44. fig. 16. 

Clementia dariena Dall, 1903, Trans. Wagner Free Inst. Sci., vol. 3, 
Pi On Pewee 5: 


Clementia dariena Toula, 1908, Jahrb, der K-K. Geol. Reichsanstalt, 
VOMP5S spe 725, Dis 27) shes. Ono: 
Clementia dariena Hubbard, 1920, Scientific Survey of P. R. and the 
Virgin Islands, vol. 3, pt. 2, p. 118, pl. 19, figs 10-12. 
This species is very common in the lower Gatun of the 
Canal Zone. It is very rare in western Panama and in Costa 
Rica, where it occurs in the lower part of the Gatun formation 
and in the Uscari shales. Romanes* has recorded it from Bar- 


* Quart. Journ. Geol. Soc. London, 1912, vol. 68, p. 125. 
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ranca near Punta Arenas on the Pacific coast of Costa Rica, 
from beds probably equivalent to the Lower Gatun or to the 
Uscari. 

The shell is very thin and fragile, and hence the specimens 
are very frequently much crushed and distorted in shape. ‘T'ypi- 
cally the shell is broad and high, the beaks anterior in position 
and the surface sculptured with narrow, wave-like undulations 
which are best developed on the umbos. 

Length 70, height 60. diameter 34 mm (Sousi Creek). 

Uscari Stage: Sapote, C. Z. (Gabb) 

Gatun Stage: Gatun; C, Z. 

Nancy's Cay, Prov. of Bocas del Toro. 
Upper Hone Creek, and tts tributary Soust 
Creek. 


Genus GAFRARIUM, Bolton 


Section GOULDIA, C. B. Adams 
Gafrarium limonensis, n. sp. Plate 32, figure 18 


Shell small, subcircular, moderately convex, umbos inflated, 
beaks anterior to the middle: surface finely sculptured with even, 
concentric riblets, more or less cancellated by fine, radial threads 
which are strongest on the anterior and posterior extremities, 
while the concentric riblets predominate on the middle of the 
shell; lunule distinct, narrowly lanceolate; interior of the shell 
deep, the hinge of both valves with 3 cardinal teeth and an an- 
terior lateral; ventral margin concentrically grooved but not 
tangentially asin 7vansenella. 

Length 4.75, height 4.25, diameter of the left valve 
1.50 mim. 

This small Gouldia, is fairly abundant in the Miocene coral 
limestones of Port Limon, and is characterized by its small, con- 
vex shell and subcircular form. Gabb has described a small 
Gouldia from the Pliocene beds of the Limon Peninsula, but that 
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species is more depressed, less circular and more trigonal in out- 
line. Gabb’s species may prove to be but a small form of the 
recent West Indien G. cervina C. B. Adams, 
Gatun Stage; Port Limon. 
Old Man Sam creek, 1 mile south of the beach. 


Gafrarinm altum Dall, va. costaricensis, n. sp. Plate 32, figures I9, 22 


cf. Gafrarium altum Dall, 1903, Trans. Wagner Free Inst. Sci., vol. 3, 
pt. 6, p. 1249, pl. 57, fig. 5, 

Shell small, high, rounded trigonal, moderately convex; 
beaks small and pointed slightly forward, in young shell nearly 
central but becoming with maturity slightly anterior; anterior 
and posterior extremities nearly similiar and evenly rounded; 
surface with fine, concentric lines, most distinct and even to- 
wards the ventral margin, and with faint, radial striz on the 
anterior and posterior slopes; lunule large, lanceolate, defined by 
an impressed line; interior of shell deep, with a concentrically 
grooved margin. 

Length 4.85, height 4.75, diameter of right valve 1.50 
mm. 

The Costa Rican shells differ from the typical altwm, de- 
scribed by Dall from the Oak Grove sands of Florida, in being 
more trigonal in form and with higher beaks. The sculpture of 
its surface is mainly concentric, the radials showing only as 
very faint strize on the posterior and anterior extremities. 


Gatun Stage: Middle creek. 
Coll. 6, Estrella River. 


Genus MACROCALLISTA, Meek 
Section CHIONELLA, Cossmann 


Macrocallista maculata Linnzeus Plate 31, figures 6, 7 
Venus maculata Vinnseus, 1758, Syst. Nat., ed. 10, p. 686, ed. 12, p. 
1132, k 
Cytherea dartena Conrad, 1857, Pacific R. R. Report, vol. 6, p. 72, pl. 
Eas oes Leh Oy 
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Callista maculata Gabb, 1881, Journ. Acad. Nat. Sci. Phila., 2nd series, 
VOlS 8 ps3 72) 


Macrocallista (Chionella) maculata Dall, 1903, Trans. Wagner Free 
Inst. Sci., vol. 3, pt. 6, p. 1256. 

Macrocallista maculata Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Plila., vol. 63, p. 370. 

The Wacrocallista maculata is a common and widely dis- 
tributed fossil in the Costa Rican Miocene and is readily recog- 
nized by its depressed, porcellaneous and highly polished shell. 
In the usual sandy phases of the Gatun, the species is quite typi- 
cal, but becomes high and broad in the coralline or transitional 
phase. 

A variety cumeata has been proposed by Gabb to include 
shells in which this posterior-dorsal slope is straight and not 
humped as usual. We have seen no examples of this type. 

The Macrocallista maculata isa common recent species of 
the West Indies, appearing for the first time, in the lower Mio- 
cene beds of the Chipola River, Florida. 

Gatun Stage: Headwaters of Middte creek. 

Rio Blanco. 


Genus CALLOCARDIA, A. Adams 


Subgenus AGRIOPOMA, Dall 


Callocardia gatunensis Dall Plate 32, figure 1 


Callocardia (Agriopoma) gatunensis Dall, 1903, Trans. Wagner Free 
Inst, Sci-, vol.) 3, pt. 6, p. 1260, pl.54, fig-1. 

Callocardia (Agriopoma) gatunensis Brown and Pilsbry, 1911, Proc. 
Acad, Nat. Sci. Phila., vol. 63, p. 370. 

A convex, cordate shell very abundant in the Gatun beds 
of the Canal Zone, especially in the quarries at Mt. Hope. It 
is a rare species in Costa Rica, but generally larger, more trian- 
gular in outline and somewhat coarsely sculptured. These shells 
are nearest to Dall’s variety mudltejilosa. 


236 BULLETIN 39 408 


Dall also records the species from the Miocene of Santo Do- 
mingo and Jamaica. 

Gabb’s C. sapotensis, from Sapote, Costa Rica, we have not 
seen. It isa higher and more Dosinoid shell with nearly cen- 
tral beaks. It is possibly but a variety of this species. 

The following measurements are of Costa Rican examples: 

Length 46, height 28, thickness 35 mm. 
53, 44, 16 mm (right valve) 

Gatun Stage: Gatun and Mt. Hope, C. Z. 

Hiill No. 1, Banana River. 
Soust Creek (Upper Hone creek). 


Genus PITARIA, Roemer 


Section LAMELLICONCHA, Dall 


Pitaria circinata Born Plate 31 figures 3, 9 


Venus ciycinata Born, 1780, Test. Mus. Vind. p. 61, pl. 4, fig. 8. 

Cytherea alternata Broderip, 1835, Proc. Zool. Soc., p. 45. 

Cytherea juncea Guppy, 1866, Quart. Journ. Geol. Soc. London, vol. 
22, 5p.2052, Pl. 202 Leaks. 

Chione circinata Gabb, 1873, Tarns. Amer. Phil. Soc., vol. 15, p. 250. 

Cytherea juncea Guppy, 1876, Quart. Journ. Geol. Soc. London, vol. 
BPN AD. Gate: 

Pitaria (Lamelliconcha) circinata Dall, 1903, Trans, Wagner Free 
Inst. Sci., vol. 3, pt. 6, p. 1269. 


Pitaria circinata Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. Phila. 
vol. 63, p. 370. 

Pitaria (Lamelliconcha) circinata Maury, 1917, Bull. Amer, Pal., vol. 

5, P- 379) Pl. 37, fig. 1. . 

The Pitaria circinata Born is a common, recent Veneroid 

along the Caribbean coast of Panama and Costa Rica. It occurs 

also on the west or Pacific side but ina slightly different form, 

as the variety a/fernata Broderip. This variety differs from the 

typical c7vctnata by its larger, more convex shell and more dis- 
tant concentric ribs. 
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The fossil shells from Costa Rica are generally more like the 
West Coast alternata, but are smaller and with somewhat more 
pointed beaks. The species is also found as fossil, in Santo Do- 
mingo, Trinidad and Venezuela. 

Gatun Stage: Gatun, C. Z. 

Lone BK. Saury Creek, C. RB. 


Pitaria Hillii Dall, var. musanica, n. var, Plate 31, figure 5 


Shell elongate, moderately convex and rather solid; beaks 
situated at the anterior %4, with the anterior extremity widely 
rounded but obtusely pointed posteriorly; lunule small, ridged 
in the middle and defined by a faint line; posterior-dorsal area 
broad and flat; surface of the shell sculptured with low, irregu- 
lar, rounded, concentric ribs, which are persistent along the 
posterior-dorsal slope but lacking elsewhere near‘the ventral mar- 
gin; interior of shell unknown. 

Length 42, height 27, thickness (left valve) 10.50 mm. 

This species has a solid shell like that of Wacrocallista. It 
differs from the true /7z//zz described by Dall from the Gatun of 
the Canal Zone, by its more rude and irregular concentric sculp- 
ture. 

The P. pAlanivieta Guppy, from the Miocene of Jamaica and 
Santo Domingo is a much shorter and more regularly sculptur- 
ed shell. 

Gatun Stage: Hill No. 2, Banana River, C. R. 


Pitaria Guppyana Gabb Plate 31, figure 11 


Caryatis Guppyana Gabb, 1881, Journ. Acad. Nat. Sci. Phila., 2nd 
series, vol. 8, p. 373, pl. 47, fig. 73. 

Shell small, ovate, moderately convex and porcellaneous; 
dorsal side straight; ventral side gently convex; posterior ex- 
tremity sub-truncate but wide, meeting the dorsal side nearly at 
right angles; anterior extremity much narrower, produced and 
rounded; lunule narrowly lanceolate, sculptured with the con- 
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tinuation of the concentric ribs and separated from the shell disk 
by an impressed line; surface of disk sculptured with rather wide, 
low or appressed ribs formed between incised lines, but the 
shell as a whole is porcellaneous and smooth; as the ribs pass 
over the dorsal-posterior area towards the dorsal margin they 
decrease in number through fusion; interior concealed in a hard 
matrix. 


Length 32, height 18, diameter (right valve) 5 mm. 


A small species of the coralline limestones and marls of the 
Limon Peninsula, from which it was described by Gabb. It 
approaches the P. planiviefa Guppy of the Miocene of Jamaica and 
Santo Domingo but is smaller and more rectangular in outlines. 
It is rather convex with a smooth and polished surface and with 
regular, even, conceuttric ribs. 


Gatun Stage: Port Limon. 


Pitaria VanWinklew, n. sp. Plate 32, figure 2, 3 


Shell elongate, depressed; anterior extremity broadly round- 
ed, posterior more acute; lunule small, lanceolate and defined by 
an impressed line ; escutcheon long and very narrow; surface 
sculptured with narrow, closely spaced and reflected ribs; these 
ribs which number about 100 on the shell disk are even on the 
center of the shell, but generally uneven on the anterior extrem- 
ity; the ribs are continuous from the edge of the escutcheon to 
the anterior dorsal margin; the rounded posterior dorsal slope 
carries two small, faint rows along which the concentric ribs are 
slightly higher and occasionally raised into small incipient 
spines. 

Length 41.5, height 32, diameter (left valve) 10 mm. 


This species is quite similiar to the P. rosea Broderip and 
Sowerby of the West Coast in its depressed shell and general 
form. The concentric ribs are very regular, even and continu- 
ous across the entire surface of the shell. Where these ribs cross 
the posterior-dorsal slope, they occasionally become raised into 
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two rows of incipient spines. In P. rosea there is only one row 
of incipient spines and the dorsal-posterior area is smooth. 

This species is named for Miss Katherine Van Winkle of the 
Paleontological Department of Cornell University and who is at 
present engaged on a Monograph of the American species of 
Veneride. 


Gatun Stage: Hill No. 3. Banana River, C. R. 
Pitaria boucaryensis, n. sp. Plate 31, figure 10 


Shell rounded quadrate, thin and moderately convex; pos- 
terior and anterior extremities rounded, umbos rather large; 
lunule small and feebly defined by a faint, impressed line; sur- 
face of disk sculptured with about 4o even, distant, concentric 
lamellee; interspaces generally smooth or irregularly sculptured 
with growth lines; interior of shell concealed. 

Length 31, height 22, diameter (right valve) 1o mm. 

As the single type specimen is fragmentary and imbedded 
in a hard sandstone, the above measurements are but approxi- 
mate. It isa very distinctive species, differing from the other 
fossil Costa Rican Pitarias by its more delicate and convex shell 
and more distant, even, concentric lamelle. 


Gatun Stage: Boucary creek, C. R. 
Genus ANTIGONA, Schumacher 


Antigona multicostata Sowerby Plate 30, figure 1 


Venus multicostata Sowerby, 1835, Proc. Zool. Soc., p. 22. 

Venus multicostata Reeve, 1863, Conch. Icon., vol. 11, pl. 3, fig. 9. 

Cytherea (Cytherea) multicostata Dall, 1902, Proc. U.S. Nat. Mus., 

vol. 26, p. 390. 

This is a large species living on the south or Pacific side of 
the Isthmus. A perfect specimen was collected from the Gatun 
beds of Water Cay, identical in every respect with recent ex- 
amples from the Bay of Panama. It is another instance among 
the many which we have had occasion to note in the course of 


240 BULLETIN 39 412 


the present study of the occurrence of West Coast species in the 
Caribbean Miocene, proving conclusively from a purely paleon- 
tological standpoint the rather late separation of the Atlantic 
and Pacific through the final uplift of the isthmian lands. 

The recent A. Lister? Gray is a smaller, more elongate 
species and with finer and sharper concentric lamelle. 


Length 107 mm, height 1o2 mm, diameter 69 mm. 
Gatun Stage: Water Cay. 


Antigona tarquina Dall Plate 30, figure 10 


Venus magnifica Gabb, 1673, Trans. Amer, Phil. Soc., vol. 15, p. 249. 
Not of Sowerby, 1853. 


Cytherea tarquina Dall, 1900, Trans. Wagner Free Inst., vol. 3, pt. 5, 
plas hes.2 1 2as 5 vol 2a plo. Pp. ke74. 

Antigona tarquina Dall, 1915, Bull. g0, U. S. Nat. Mus., p. 147. 

Antigona tarquina Maury, 1917, Bull. Amer. Pal., vol. 5, p. 381. pl. 
37, fig. 4. 

A small shell identical or closely related to A. tarquina 
Dall was collected from Zone 3 of Saury Creek. It is similiar 
to Dr. Maury’s specimen of 4. farguina from Santo Domingo. 

Typical A. targuina Dall is a common fossil of the Orthau- 
lax pugnax fauna of the Tampa Silex beds of Florida. It was 
also collected by Professor Gabb and Dr. Maury from the Mio- 
cene of Santo Domingo. 


Gatun Stage: Zone E, Saury creek, near Cahuita, C. R. 


Section VENTRICOLA, Roemer 


Antigona rugosa Gmeiln Plate 30, figure 4 


Venus rugosa Gmelin, 1792, Syst. Nat., p. 3276. 
Venus rugosa Reeve, 1863, Conch. Icon., vol. 11, pl. 7, fig. 23. 


Several specimens from the coralline limestones of Port 
Limon. They are practically identical with recent examples of 
A. rugosa from the West Indies. This species is distributed 
throughout the West Indies but is also found living in the Gulf 
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of California. This distribution on both sides of the Isthmus is 
in harmony with its occurrence as a Miocene fossil. 


Gatun Stage: Port Limon. 
Antigona Blandiana Guppy Plate 30, figures 5, 6 


Venus Blandiana Guppy, 1874, Geol. Mag., London, Decade ii, vol. 1, 
D1 4305) ploni7, tie. ©. ; 

Cytherea (Ventricola) Blandiana Dall, 1903, Trans. Wagner Free Inst. 
Ci MVOla gw ptA On Pal27/75 

Antigona (Ventricola) Blandiana Maury, 1917, Bull. Amer. Pal., vol. 
Sy [eh Bolin, (lls Bim caked, bio 

This species was described by Guppy from the Bowden beds 
of Jamaica but also collected by the Maury expedition in the 
Miocene of Santo Domingo. Dall also records it from the lower 
Miocene of the Chipola beds and from Curacoa, Dutch West 
Indies. It is asmall species of nearly circular outlines and 
sculptured with distant primary lamelle and finer secondary 
threads in the interspaces. 

Our Costa Rican shells consist of two specimens, one from 
the coral limestones near Port Limon, the other from the lower 
Gatun of Comadre Creek near Cahuita. They differ from Dr. 
Maury’s specimens from Santo Domingo in having the primary 
set of lamellee more distantly spaced and their interspaces more 
closely striated with the secondary threads. 

Length 30, height 24, diameter 9 mm (left valves) Com- 
adre. 
Length 24, height 23, diameter 8.5 mm (left valve) Port 
Limon. 
Gatun Stage: Comadre creek, near Cahuita. 
Port Limon. 


Antigona Harrisiana, n. sp. Plate 30, figure 3 


Shell small, convex and nearly circular in outline; umbos 
full with the beaks situated a short distance in front of the mid- 
dle; lunule small but broadly cordate and: sculptured with the 
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continuation of the concentric ribs and lamelle; escutcheon lan- 
ceolate, bordered by an angled ridge from the shell disk; disk 
sculptured with about 28 even, concentric ribs which appear 
as close undulations of the shell surface; the ribs and inter- 
spaces are in addition sculptured with fine lamellee-like threads, 
each finely crenulated or radially striated; these lamellae vary in 
size, those of the interspaces or troughs between the ribs are fine 
and 5 in number, with 2 large ones forming the tops of the ribs 
themselves, so that the ribs appear asif mesially divided; the 
radially striated character of the ribs and lamellez is much strong - 
er on the anterior and posterior submargins; interior of the shell 
deep but concealed by matrix in the type specimens. 

Length 21.5, height 19.5, diameter 6.25 mm (right 

valve). 

This elegant species occurs in the coralline phase of the 
Gatun formation in Costa Rica. Its relations are with the 4. 
Liandiana Guppy and the recent 4. strigzl/ina Dall, but differs 
from both in its more elegant sculpture. This sculpture consists 
of close, regular, wave-like undulations or ribs, the crests of 
which carry 2, low lamine, the troughs or interspaces, 5 or 6 
finer threads. These fine thread-like lamine are delicately etch- 
ed with fine radial striations. 


It is named for Professor G. D. Harris of the Paleontologi- 
cal Department of Cornell University. 
Gatun Stage: Port Limon. 


Genus CYCLINELLA, Dall 


Cyclinella beteyensis, n. sp. Plate 31, figure 2 


Shell thin, Dosinoid or sub-circular in form, the margins of 
the shell nearly a perfect circle; slightly convex; beaks small 
but distinct, situated at the anterior ™% of the shell ; sculpture 
with very fine, concentric threads, which are a little elevated and 
strongest on the anterior end, nearly smooth on the middle; lu- 
nule small, lanceolate and defined by a small, incised line; hinge 
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normal, the left valve with 3, narrow; cardinal teeth and a wide 
ligament. 
Height 39, length 38? diameter 5 mm left valve. 

Represented by a single, imperfect specimen from the Gatun 
of Rio Betey. It is but slightly convex, and in form approach- 
es very closely a species in the Newcomb collection from the 
Bay of Fonseca, which is probably the C. Avoyerd Philippi. The 
fossil shell is more perfectly circular in form. 


Gatun Stage: Rio Betey. 


Cyclinella subquadrata Hanley, var. quitana, n. sp. Plate 31, fig. 8 


Shell small, thin, convex and subcircular in form; beaks 
small but distinct, with inflated umbo and small beak situated 
at the anterior 4; the anterior end is narrow and slightly pro- 
duced, while the posterior end is wide and with the hinge-margin 
is subquadrate in form; the surface is sculptured with fine, ir- 
regular, concentric growth-lines, which are strongest and more 
regular on the posterior dorsal submargin; the interior is con- 
cealed. 

Height 28, length 31, diameter of the right valve 7 mm. 

This is a smaller and more convex species than the deteyen- 
sts and like that species, it seems to find its recent analogue on 
the Pacific side, in this case the C. sabguadrata Hanley. On the 
Pearl Islands in the Bay of Panama I collected a few small 
valves which are probably the C. subguadrata Hanley, but they 
are not so produced anteriorly as is shown in Reeve’s figure. 
These Pearl Island shells are very similiar to the Costa Rican 
fossil, differing mainly in their more inflated umbos and in 
slight difference in form. 

From the Gatun beds of the Canal Zone, Dall has described 
C. gatunensis, but that species is very distinct from the two 
Costa Rican Cyclinellas. 


Gatun Stage; Quttana creek. 
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Genus CHIONE, Megerle von Mihlfeld 
Chione Rowleei, n. sp. Plate 30, figure 2 


Shell rather large, convex, ovate; lunule broadly cordate 
and concentrically sculptured; escutcheon long, narrow, smooth 
and defined by a small cord-like ridge; surface of the disk with 
about 30 slightly elevated concentric ribs which on the umbos 
are thin and lamellar but lower on the shell disk are wide and 
trianglar at the base, but with a thin zigzag or fluted lamellar 
ridge on top; the interspaces, much wider on the umbos is sculp- 
tured with even rib-like cords which also flute in harmony the 
dorsal face of the concentric ribs; the ventral face of the ribs are 
finely striated by radial incised lines which form cord-like ridges 
along % as wide as the radial cord of the interspaces; interior of 
the shell deep, with a small pallial sinus and subequal adductor 
scars; basal margin finely crenulated as well as the lunular mar- 
gin and the extreme posterior extremity. 

Length 42, height 37.5, thickness (right valve) 17 mm. 

This large, elegant Chzone is quite common in the Gatun 
beds of Costa Rica. It also occurs in the lower Gatun at Gatun, 
usually in the form of casts. It recalls in a general way, the re- 
cent West Coast C. amathusia Philippi, but differs in its heavier 
shell, higher and fuller umbos and difference in details of its 
spiral and radial sculpture. In the Costa Rican shell, the radial 
cords are simple, relating it more closely with the small C. 
Woodwardi Guppy of the Miocene of Jamica and Santo Domin- 
go, while in C. amathusia, they are double and alternating. 


The C. fegudum Brown and Pilsbry we have not seen. It 
is a smaller shell, related to the C. Woodwardi. In C. tegulum 
the concentric lamelle are much closer and the wide cordate 
lunule is sculptured only with radial lamelle. 


It is named for Professor W. W. Rowlee, who collected a 
few specimens from the Banana River in the course of botanical 
investigation of the Balsa tree (Genus Ochroma), a very light 
wood used in the construction of life-buoys, etc. 
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Gatun Stage: Gatun, C. Z. 
Banana River. 
Coll. 6, Estrella River. 


Chione costaricensis, n. sp. Plate 32, figure 4 


Shell of moderate size, convex, ovate-trigonal; the dorsal 
portion of the type specimen is lacking; the surface is sculptured 
with fine, subregular, concentric lamellz spaced on the center of 
the shell disk about .75 mm apart; the interspaces and the ven- 
tral surfaces of the lamellz are marked with regular, incised lines 
forming radial bands of an average width of .40 mm; a faint rad- 
ial sinus extends from the beaks to the posterior; ventral margin 
of the shell is slightly arcuate at its posterior end; interior of 
ventral margin finely crenulated. 

Length 34, height 29, diameter of the right valve 1o 
mm. 

This shell will be distinguished from the other Costa Rican 
Chiones by its more crowded, concentric, lamellz and regular, 
radial stric. The strie occur on the ventral faces of the lamel- 
lze and on their interspaces. 


Gatun Stage: Hill No. 3, Banana River. 
Section LIROPHORA, Conrad 


Chione mactropsis Conrad Plate 30, figures 7, 8 


Gratelupia? mactropsis Conrad, 1856, Pacific R. R. Reports, vol. 5, p. 
328, pl. 6, fig. 54. 

Chione (Lirophora) mactropsis Dall, 1903, Trans. Wagner Free Inst, 
Scio sn ptaOnpnnl2O4. 

Chione (Lirophora) mactropsis Brown and Pilsbry, 1911, Proc. Acad. 
Nat. Sci. Phila., vol. 63, p, 369. 

Chione (Livophora) ulocyma Brown and Pilsbry, 1911, /dem, p. 369. 
Not of Dell. 1903. 


Until the construction work on the Panama Canal had com- 
menced in earnest, the abundant and finely preserved fossils of 
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the Canal Zone, so easily obtained at the present time, were not 
available, and the only fossil remains collected by the early trav- 
vellers were generally in the form of poorly preserved casts. In 
1856 there appeared in the Pacific Rail Road Reports, the de- 
scription of an internal cast as Gratelupia? mactropsts, together 
with scarsely recognizable Turritella gatunensis and altilira. 

These specimens obtained by Mr. W. P. Blake from the 
Isthmus are the first noticed from the fossiliferous rocks in 
Panama and Central America. 

The Livophora mactropsis described by Conrad from an in- 
ternal cast as Gratelupia ?, is one of the most abundant fossils in 
the Gatun beds of the Canal Zone, associated with the small- 
er and more finely sculptured holocyma Brown and Pilsbry. J. 
mactropsis is a species of variable size, but moderately convex, 
longer posteriorly and usually with the basal margin more or 
less arcuated about the posterior extremity. The sculpture con- 
sists of irregular, more or less confluent concentric lamelle, 
which are overrun by fine radial lines. These radial lines may 
remain strong or become obsolete as usual with specimens from 
the Canal Zone. A narrow foliaceous band is developed on each 
side of the escutcheon and another about the anterior extremity 
below the lunule. The Costa Rican examples are often very 
much larger than those of the Canal Zone, the concentric lamel- 
le are finer and less confluent and with more persistent radial 
lines. The following measurements will illustrate the range in 
size: 


Length 30, heigth 23, thickness 15 mm, Central Zone. 


37) 28, 19 ee i 

41.5, a2) 9.5 mm (right valve) 
Old Man Sam Creek, C. R. 

eae 38, 20,5 mm, Sous, Co R. 


Gatun Stage: Gatun, and Mt. Hope, C. Z. 
Old Man Sam creek, C. R. 
Soust creck (Upper Hone creek) 
Banana River. 
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Chione holocyma Brown and Pilsbry Plate 30, figure 9 


Chione ulocyma Dall, variety holocyma Brown and Pilsbry, 1911, Proc. 
Acad. Nat. Sci, Phila., vol. 63, p. 369. 

Associated with mactropsis, in the Central Zone is a more 
convex and finely sculptured shell, allied to the wlocyma Dall of 
of the Floridian Miocene. It is the holocyma of Brown and Pils- 
bry. We have seen no typical wlocyma from Panama. 

From mactropsis, the holocyma will be distinguished by its 
generally smaller, more convex and more circular shell. Its 
concentric lamellee are more numerous and less confluent and 
with fine but persistent radial striz. It is generally best distin- 
guished by its smaller and less clearly differentated foliaceous 
area on its anterior extremity, which in mactropsis is as wide 
an area as that along its posterior dorsal margin. 

Heigth 29, length 36.5, thickness 19 mm. 

Gatun Stage: Mt. Hope, C. Z. 


Chione hotelensis, n. sp. Plate 32, figure 7 


Shell small, subtrigonal, heavy, but slightly convex; sculp- 
ture of about 15, thick, rounded and evenly spaced concentric 
lamellze; on the posterior-dorsal slope, the ends of the lamellz 
become attenuated, thin and somewhat appressed as in glyptocy- 
ma Dall of the Flordian Miocene; the lamellze themselves are 
smooth and rounded but with their interspaces finely radially in- 
cised by small lines; escutcheon rather large, smooth; lunule 
small, cordate and smooth except for the growth lines, 

Length 23, height 19, thickness 12.5 mm. 

This elegant little species is distantly related to the C. gly- 
ptocyma Dall from the Oak Grove sands of Florida, but is a 
smaller and more compact shell. The radial striations commence 
on the ventral surface of the lamellae and are continued across 
the interspace to the base of the next rib. 

All of our specimens were collected in a hard sandstone in 
the lower Gatun of Hotel Creek near Old Harbor, Costa Rica. 
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Uscari Stage: Hotel creek, C. R. 


Chione chiriguiensis, n. sp. Plate 32, figure 9, 10 


Shell small, solid, depressed; lunule rather large, cordate, 
smooth; escutcheon large, smooth and defined by an angled 
ridge; surface of the disk sculptured with about 8, large, irregu- 
lar ribs, like those of Chzone /atilirata; these ribs do not extend 
to the edge of the escutcheon, but commence a short distance in 
front leaving a narrow band which is smooth and sculptureless; 
the ribs are of variable size, flat-topped and smooth; they are 
rounded on their ventral side, but shelving or recurved back- 
wards on the dorsal face; interspaces smooth or only sculptured 
with fine growth-lines; interior of shell of moderate depth, with 
a small pallial sinus and with a slightly larger posterior adduct- 
or scar; basal margin finely crenulated. 


Length 13.75, height 12.50, diameter 9.50 mm. 
The few specimens which we have from Water Cay, are 
probably immature, but they possess such distinctive characters 
that the species cannot be mistaken. . 


The heavy, irregular concentric ribs recall certain varieties 
of Chione latilivata Conrad. ‘They differ in being abruptly cut 
off or flattened a short distance behind the dorsal-posterior angle 
leaving a band asin C. paphia Linnzeus, but smooth and sculp- 
tureless. The interspaces are smooth, 


Gatun Stage: Water Cay. 


Section TIMOCLEA, Brown 
Chione grus Holmes, var. Plate 26, figure 21 


Tapes grus Holmes, 1858, Post-Pliocene Fossils of S. Car., p. 37, pl. 7 
fig. 5. 
Chione ( Timoclea) grus Dall, 1903, Trans. Wagner Free Inst. Sci., 
VOL Sy Pty, Dum2oo: 
We have but a single and not entirely perfect specimen of a 
Timoclea closely related to C. gvus Holmes. It is somewhat 
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more convex than typical C. gras from the Carolinas and more 
finely sculptured. More material is needed to show whether or 
not these charaters are constant. The C. grus appears asa 
fossil in the Upper Chesapeake Miocene of the eastern United 
States and is recent from Cape Hatteras to Yucatan. 


Gatun Stage: Coll. 4, Red Cliff creek. 


Genus TELLINA, (Linné) Lamarck 
Tellina rovala, n. sp. Plate 26, figures 7, 8 


Shell elongate, slender, subequilateral with the beaks situ- 
ated near the center of the shell; anterior side long, with a 
straight dorsal margin and narrowly rounded at its extremity; 
posterior side much narrowed and rostrate, the left valve with 2 
radial bands forming the rostrum, the dorsal one a fold, the oth- 
era wide sinus; ventral margin rounded anteriorly, nearly 
straight about the middle and a wide sinus posteriorly; the sur- 
face is sculptured with even, concentric lamelle; this sculpture 
on the rostrum is heavier and on crossing the fold and sinus be- 
come reversed in position. 

Length 29, height 12, semi-diameter 2.5 mm. 
36? 14 3 mm. 

We have two specimens of this typical 7e//ina from Water 
Cay. ‘The larger specimen is fragmentary but probably measur- 
ed when complete about 36 mm in length. The species recalls 
the recent West Indian 7. interrupta Wood (7. antonzi Philippi) 
in its form and sculpture but lacks the finer radiating strie. 


Gatun Stage: Water Cay. 
Subgenus ARCOPAGIA, (Teach) 
Section MERISCA, Dall 


| Tellina crystailina Wood Plate 26, figure 10 


Teilina crystallina Wood, 1815, General Conchology. 
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Tellina (Merisca) crystallina Dall, 1901, Proc. U. S. Nat. Mus., vol. 
22. Da ali paz et on elo. 

Tellina (Merisca) crystallina Maury, 1917, Bull. Amer. Pal., vol. 5, p. 
387, pl. 38, fig. 4. 


This 7ellina, the type of the section Merisca, is recognized 
by its thin, depressed shell, strongly sculptured with distant, but 
regular, raised, concentric lamellze. It is very rare as a fossil, 
our collection containing but a single specimeu from the Gatun 
beds of the Banana River. It has previously been recorded by 
Maury asa Miocene fossil in Santo Domingo. 

In the recent fauna, 7ellina crystallina is distributed along 
both the Atlantic and Pacific coasts of Central America. I have 
collected a few specimens from the beaches of Bocas Island and 
more abundantly at Bucaru, Province of Los Santos, on the 
Pacific side of Panama. 


Gatun Stage: Hill No. 2. Banana River. 
Tellina nasua, n. sp. Plate 26, figure 17 


Shell sub-rhomboid, slightly convex, thin; beaks small, in- 
conspicuous, posterior to the middle; the anterior end longer, 
the dorsal-anterior dorsal margin descending, the extremity 
rounded into the gentle curve of the base; (the posterior side 
broken in the type specimen); the greatest convexity of the shell 
lies along the broad, umbonal slope anterior to the beaks; the 
surface is finely sculptured with regular, sharp, concentric 
ridges, separated by narrow, band-like interspaces; interior of 
the right valve with a large pallial sinus which extends to the 
anterior 1 of the shell; hinge appearing normal for the section, 
but partly broken away, but showing a large anterior lateral 
tooth. 

Length 20? Height 15.25, diameter of the right valve 
3.00 mim. 


Our specimen if fragmentary, the posterior portion of the 


shell being broken away. There is however little doubt that 
the species is a true JZerisca, allied to 7. eguistriata Say and 
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I. lintea Conrad. It differs from eguistriata in its greater dor- 
sal anterior slope and finer sculpture, and from 7. /ntea of the 
recent fauna, in its somewhat greater proportional height and 
greater convexity. 


Gatun Stage: Coll. 4, Red Cliff creek. 


Section PHYLLODINA, Dall 
Tellina lepidota Dall Plate 26, figures 4, 5 


Tellina (Phyllodina) lepidota Dall, 1900, Trans. Wagner Free Inst. 
SClVOles pts Sp. Lo22—pl46,oho. 18) 

Dall’s type of this species is based on a fragmentary right 
valve from Gatun. We have several complete and large speci- 
mens from Water Cay, where the species is fairly common. The 
right valve is flat and depressed, the left more convex. Both 
valves are nearly similarly sculptured with 2 or 3 wide undul- 
ations of the beaks, which are soon replaced by even, sharp, con- 
centric lamelle, of which 3 or 4 are higher and more lamellose 
on the dorsal margin. 


Length 24, height 12.5, diameter of the left valve 2.75 
mim. 

Length 21.5, height 11.00, diameter of the right valve 
1.25 itl, 


Gatun Stage: Water Cay. 


Section EURYTELLINA, Fischer 
Tellina costaricana, n. sp. Plate 26, figures 6, 9 


Shell oblong, depressed; beaks small and inconspicuous 
about the middle of the shell so that the anterior and posterior 
ends are of nearly the same length; posterior end widely round- 
ed the anterior but slightly narrowed and less round- 
ed at its extremity; anterior and posterior dorsal margins nearly 
straight; surface of the disk finely sculptured with even, con- 
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centric lines which are slightly lamellose on the posterior-dorsal 
margin; interior concealed. 
Length 32, height 19, semi-diameter 2 mm. 
This species is related to the recent West Indian 7. angulosa 
Gmelin and its Pacific analogue, the 7. rubescens Hanley. The 
fossil shell differs by its more central beaks and sharper concen- 


tric sculpture, which is continued across the entire surface of 
the disk. 


Gatun Stage: Hill No. 3, Banana River. 


Tellina dariena Conrad Plate 26, figure 3 


Tellina dariena Conrad, 1857, Pacific R. R. Reports, vol. 5, p. 328, 
plo ie2 53. 

Tellina semilevis Gabb, 1861, Proc. Acad. Nat. Sci. Phila., vol. 12, p. 
567. 

Tellina Dariena Gabb, 1881, Journ. Acad. Nat. Sci. Pnila., vol. 8, p. 
343, pl. 44 fig. 13. 

Tellina Rowlandi Toula, 1908, Jahrb. der K-K. Geol. Reichsanstalt 
VOLT SO priy2cs ple 23. fo tke 


LIellina Rowlandi Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Philasy vol. 63, ps 369: 

Conrad’s figure of 7el/ina dariena is very poor but probably 
represents this species, the most abundant TZed/iza at Gatun. 
Conrad’s figure shows a subtrigonal shell, with a produced and 
truncated posterior extremity. In 1861, Gabb described Tedlina 
semulevis together with Arca chiriguiensts from the Gatun beds 
of the Chiriqui Lagoon. This species Gabb however later con- 
sidered synonymous with the earlier Zed/ina dariena of Conrad. 
Toula’s Zellina Rowland? is certainly identical with Gabb’s 
Tellina semtlevts as figured by Gabb. 

Shell but slightly convex, subequilateral with the beaks sit- 
uated a short distance posterior to the middle of the shell; anter- 
ior and posterior dorsal slopes straight and evenly descending; 
posterior end rounded and subtruncate, the anterior rounded ; 
beaks low; surface striated with very fine concentric lines and 
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the shell may sometimes appear nearly smooth and polished 
especially on the umbonal areas; hinge of the left valve with a 
bifid anterior cardinal, a small posterior and 2 laterals; the an- 
terior adductor is bordered on the posterior side by a thickened 
internal ray; pallial sinus long, ascending above in the middle 
of the shell and touching the anterior adductor scar. 
Length 34, height 19.5, semi-diameter 3.50 mm. 
Gatun Stage: Gatun, C. Z. 
Water Cay. 
Chiriqui Lagoon and Oronli creck (Gabb) 


Subgenus ANGULUS, Mergerle 


Section ANGULUS, s. s. 
Tellina umbra Dall Plate 26 figures 12, 15 


Tellina (Angulus) umbra Dall, 1900, Trans. Wagner Free Inst. Sci., 
VOlesa) Pts) Po 1033, pl 46) ie. 13 

The Costa Rican specimen consists of a small individual 
with both valves. It is somewhat smaller than typical wmdéra, 
from the Upper Chesapeake Miocene of the Carolinas, but agrees 
in form and in the fine surfrce sculpturing. 

The Zellina umbra is a common fossil in the Upper Chesa- 
peake Miocene of the eastern United States and in the Pliocene 
of Florida, It is closely allied tothe recent TZe/lina sybaritica 
Dall of the West Indies, differing most importantly in its less an- 
gular posterior extremity. 

The Costa Rica specimens measures: 

Length 8.00, height 4.15, diameter 2.25 mm. 

Gatun Stage: Coll. 4, ast Grape Potnt creek. 


Section SCISSULA, Dall 


Tellina cercadica Maury 


Tellina (Scissula) cercadica Maury, 1917, Bull. Amer, Pal., vol. 5, p. 
388, pl. 38, fig. 9. 
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The Costa Rican specimens are fragmentary but there can be 
little doubt of their identity with the Zellina cercadica Maury 
from the Miocene of Santo Domingo. 

The shell is thin and strongly depressed. The surface is 
polished and obliquely striated with fine lines. It is related to 
the recent Pacific 7ellina delicatula Deshayes. 


Gatun Stage: Coll. G, Saury creek. 
Estrella River. 


Genus TELLIDORA, Moerch 
Tellidora cristata Recluz Plate 26, figurce 1, 2 


Lucina cristata Recluz, 1742, Revue Cuvier., p. 270. 
Tellidora cristata Dall, 1900, Trans. Wagner Free Inst. Sci., vol. 3, 
pt. 4,"p. 1037. 

A recent species of the West Indies and previously known 
as a Pliocene and Pleistocene fossil from Carolinas. The fossil 
Costa Rican shells are frequently larger than the recent form 
and with the dorsal margins more nearly in line. It is not rare 
in the form of impressions but the perfect shell is seldom found. 


Gatun Stage: Hills ra, 2 and 3, Banana River. 


Genus STRIGILLA, Turton 
Strigilla pisiformis Linné 


Tellina pisiformis Linné, 1758, Syst. Nat., ed. 10, p. 677. 

Strigilla pisiformis Dall, 1900, Trans. Wagner Free Inst. Sci., vol, 3, 
pt. 5, p. 1038. 

Strigilla pisiformis Maury, 1917, Bull. Amer. Pal., vol. 5, p. 389, pl. 
39, fig. 6. 

This species is rare asa fossil in Costa Rica. It is very 
common asa recent shell on the sandy beaches along the en- 
tire north coast of both Panama and Costa Rica, where it occurs 
with Donax denticulata Linné and afew other species. It is 
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also found as a Miocene fossil in the Bowden beds of Jamaica 
and in Santo Domingo. 


Gatun Stage: Middle creek. 


Strigilla musanica, n. sp. Plate 26, figure 18 


Shell subtrigonal, moderately convex, subequilateral; the 
umbos are broad and wide, situated about the middle of the shell, 
with the greatest convexity of the shell lying along the anterior- 
umbonal slope; the anterior end is broad and rounded, the pos- 
terior slightly narrow, but not produced; the sculpture is divid- 
ed between three areas, the posterior, central and anterior, each 
of which is set off from the adjacent one, by a marked change in 
sculpture along a well-defined line; on the anterior area, it con- 
sists of a concentric series of wave-like incised lines, the crest of 
the wave lying near the posterior side and directed as usual dor- 
sally; on the central area, the lines are vertically directed, com- 
mencing on the lines bordering the posterior side; on the poster- 
ior area, the lines commence on the anterior side and pass verti- 
cally, forming therefore with the middle lines very acute an- 
gles; the interior is concealed in our specimen. 

Length 13.00, height 11.50, diameter of the right valve 
3.00 mm. 

Differs from Strigzlla carnaria Linné of the recent West In- 
dian fauna, by being more inequilateral, more convex and in de- 
tails of its sculpture which is sharply divided between three areas 
as described. ‘The interior of the type specimen is concealed, so 
that the features of the pallial line and sinus cannot be deter- 
mined. 

Gatun Stage: Fill No. 3, Banana River. 


Genus METIS, H. and A. Adams 


Metis barba, n. sp. Plate 29, figures 3, 4 


Shell subquadrate, inequilateral, with the beaks situated at 
the anterior two-thirds of the total length of the shell; anterior 
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end longer with a sloping dorsal margin and rounded anterior 
extremity; posterior side shorter, with a dorsal margin sloping 
more rapiding to the wide and flexed posterior end; the left valve 
is convex but depressed along the narrow posterior submargin or 
wing; the right valve is less convex with a broad depressed area 
extending from the beaks to the ventral margin; this depressed 
zone is sharply separated from the posterior-dorsal slope or wing 
by a strong angle or flexure which corresponds to the sinus in 
the middle of the wing on the left valve; surface finely striated 
with concentric growth-lines. 


Length 48, height 37, diameter 19 mm. 


Pilsbry and Johnson have described without figuring, 
two species of Metis from the Miocene of Santo Domingo (the 
M. efferta and postrema). ‘These species, they compare with the 
M. chipolana Dall, from the Chipola beds of Florida and men- 
tion in their description the nearly central location of the beaks. 
In the Costa Rican shell the beaks are at the posterior one-third 
of the shell. It is very distinct from the 1/. chipolana Dall. AZ. 
trinitarza Dall from Trinidad and Porto Rico differs in its more 
central beaks, fuller umbos and has the right valve much less 
flexed posteriorly. 


Gatun Stage: Betey creek. 


Genus MACOMA, Leach 
Macoma costaricana, n. sp. Plate 26, figures 14, 16 


Shell broadly ovate, thin and slightly inflated; dorsal and 
ventral margin straight and parallel; the posterior dorsal side 
sloping to the rounded ventral extremity; anterior extremity 
rounded; the posterior side is very slightly flexed; surface 
smooth except for very fine, incremental growth lines; interior 
of shell concealed. 


Length 29, height 19, semi-diameter 4.5 mm. 
The reference of this species is Macoma is doubtful as the 
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hinge is completely concealed in all our specimens. It has the 
form of the Jf. Conradi Dall, from the Chesapeake Miocene of 
United States but is higher and differs in many other respects. 
It is shorter and higher than M. gatunensis Toula with which it 
may occur. 
Gatun Stage; Hill No. 3, Banana River. 
Rio Betey. 


Subgenus PSAMMACOMA, Dall 
Macoma gatunensis Toula Plate 26, figure 13 


Macoma ( Tellina) gatunensis Toula, 1908, Jahrb. der K-K Geol. Reich- 
sanstalt, vol. 58, p. 729, textfigure Io. 


Tellina gatunensis Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Phila., vol. 63, p. 368. 


This shell is extremely similiar to the recent MW. elongata 
Hanley of the Pacific coast of Panama and I have failed to find 
any character which will distinguish the fossil shells from the 
recent ones. Our shells were all collected loose near Hill 3, of 
the Banana River and were probably derived from beds low in 
the Gatun formation. 


Gatun Stage: loose, near Hill 3, Banana River (Terry). 


Macoma panamensis Dall, var. canalis, n. var, Plate 26, figure II 


Cf. Macoma (Psammacoma) panamensis Dall, 1900, Proc, U. S. Nat, 
Mus., vol. 23, p. 324, pl. 4, fig. 3. 

The Macoma panamensts Dall was described from a left 
valve dredged from 33 fathoms of water in Panama Bay. The 
fossil shell, also a left valve from the Gatun of Mt. Hope, differs 
most importantly from Dall’s figure in being somewhat higher. 
The shell is thin and extremely fragile, with the surface simply 
scultured with the fine growth lines. The interior is concealed 
so that the characters of the pallial sinus cannot be seen. The 
specimens measures as follows: 
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Length 30.50, height 15.00, diameter of the left valve 
3.00 mm, 
Gatun Siages Mi. Flope 1C. Z. 


Genus SEMELE, Schumacher 
Semele levis Sowerby, var. costaricensis, n. var. Plate 29 figure I 


Cf. Amphidesma levis Sowerby, in Reeves, 1853, Conch. Icon., pl. 7, 
fig. 50. 


Shell large, subelliptical, but slightly convex; beaks very 
nearly central, the posterior side wide and well rounded, the an- 
terior somewhat narrowed, contracted and slightly the longer; 
the surface is nearly smooth and porcellaneous, faintly marked 
onthe anterior and posterior extremities by fine, concentric 
lines. 

Length 72, height 65.50, semi-diameter 8 mm. 

This large Semele is quite common in the Lower Gatun beds 
of the Banana River. It is closely related to the recent Pacific 
S. levis Sowerby, but differs in being slightly longer and more 
evenly rounded at its posterior extremity. 


Gatun Stage: Hill No. 3, Banana River. 
fiill ra, Banana River. 


Semele Sayi Toula Plate 29, figure 8 


Semele Sayi Toula, 1908, Jahrb. der K-K Geol. Reichsanstalt, Wien, 
vol. 58, p. 730, pl. 28, fig. 17. 

Semele Sayi Brown and Pilsbry, I911, Proc. Acad. Nat. Sci. Phila. 
vol. 63, p. 368. 

Shell convex, rather thin, with the umbos nearly central. 
The anterior side is somewhat narrow or contracted, and round- 
ed at its extremity. The surface is sculptured with fine, hair- 
like, concentric threads. The species was described by Toula 
from the Canal Zone. Our record from Costa Rica is based ona 
single, imperfect specimen from Sousi creek, where it occurs as- 
sociated with Clementia, Chione mactropsis and Turrttella altilira 


~~) a a ee a 


——_ 


431 Costa RicA MiocENE—OLSSON 259 


variety costaricensis in the lower part of the Gatun formation. 


Gatun Stage: Sousi creek. 


Semele Claytoni Maury Plate 29, figure 2 


Semele Claytoni, Maury, 1917, Bull. Amer. Pal., vol. 5, p. 227, pl. 35, 
fig. 9. 


The S. Claytoni was described by Dr. Maury from the Cer- 
cado formation, Santo Domingo of Lower Miocene age. It isa 
large species, reaching a length of 66 mm or more and charact- 
eristically sculptured with even, concentric lamelle like the re- 
lated species from the Tertiaries of eastern United States as chzpo- 
lana Dall, Leana Dall and perlamellosa Heilprin. From these, 
the S. Claytonz is distinguished in having its radial striz nearly 
obsolete. Our specimen from Costa Rica is fragmentary but 
probably measured when perfect 38 by 30 mm. 


Uscart Stage: Hotel creek. 


Genus ABRA, (Leach) Lamarck 


Abra triangulata Dall Plate 29, figure 10 


Abra triangulata Dall, 1900, Trans. Wagner Free Inst., Sci., vol. 3, 
pt. 5, Pp. 997, pl. 49, fig. 4. 


A small, rotund or trigonal species abundant in the shale 
beds of Bocas Island. The valves are nearly equilateral, the an- 
terior end slightly the larger and inflated. Surface smooth and 
shining. The type was described by Dall from the Bowden beds 
of Jamaica. Our specimens are a little larger, measuring: 


Length 7.25, height 6.50, diameter of the left valve 
1.75 mm. 


Gatun Stage: Bocas del Toro. 
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Genus PSAMMOSOLEN, Risso 


Psammosolen gatunensis Toula, var. costaricensis, n. var. 


Plate 29, figure 7 
Solecurtus gatunensis Toula, 1908, Jahrb. der K-K. Geol. Reichsan- 
Stalt Vol 50,0) 5732p Zoe. eke 


Solecurtus gatunensis Brown and Pilsbry, 1911, Proc. Acad. Nat. Sci. 
Philal vola 58, Pp. 372 


Shell rather large, elongate, convex, the dorsal and ventral 
margins straight and parallel; the low, inconspicuous beaks sit- 
uated at the anterior 4%, the anterior end rounded, the posterior 
subtruncate; two low, radial depressed rays extend from the 
beaks obliquely to the ventral margin; the central part of the 
shell and the anterior end is sculptured roughly with irregular 
growth lines; the posterior dorsal slope has strong, vertical or 
slightly oblique lines which cross the finer concentric growth 
lines; in addition the whole surface of the shell is roughened by 
small, short threads as if the surface had been painted with a 
stiff brush. 

Length 63, height 25.50, diameter of the right valve 
I4.50 mm. 

Toula’s figure of an internal mold shows a smaller shell, a 
strong anterior-umbonal angle and a somewhat shorter anterior 
end. It is possible that the two forms are distinct but we lack 
a good comparative series of the Gatun shell. A smaller and 
more delicate species of Psammosolen occurs at several localities 
in the Costa Rican Gatun. Itis not the P. strigil/atus (L) of 
Toula, differing in its pointed anterior end. 


Gatun Stage: Rio Betey. 
Genus SANGUINOLARIA, Lamarck 
Section SAMMOTELLA, Blainville 


Sanguinolaria alouatta, n. sp. Plate 29, figures 5, 6 


Shell rather large, elongate; and rostrated behind; left 
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valve nearly flat, the right valve much more convex: the right 
valve carries a strong umbonal keel from the tip of the beaks to 
the posterior extremity; this keel is but poorly developed on the 
left valve; anterior end broadly rounded with the dorsal and 
ventral margins nearly parallel; the posterior side is much nar- 
rower and with its extremity pointed; the surface is smooth; the 
dorsal-posterior slope of the left valve is less smooth and carries 
coarse, irregular growth-lines; the interior is not known. 
Length 54, height 30, semi-diameter 4 mm (a left valve) 
Length 60, height 27.5 semi-diameter 7 mm (a right 
valve) 

This species stands intermediate between the S. Smthwood- 
wardt Maury from the Miocene of Santo Domingo and the re- 
cent West Indian S. operculata Gmelin. It differs from the Smzth- 
woodward, in being much larger with a less depressed left valve: 
From oferculata the Costa Rican shell has higher and more 
pointed beaks as well as being longer posteriorly. In full-grown 
specimens of operculata, the surface generally shows radial lines 
and strize which may become quite strong near the posterior 
ventral margin. The Costa Rican shells are smooth except for 
the growth lines. 


Gatun Stage: Hill No. 3, Banana River. 


Genus TAGELUS, Gray 
Tagelus cebus, n. sp. Plate 29, figure 9 


Shell elongate, moderately convex and solid; beaks central 
with the anterior and posterior ends nearly equal, and with the 
dorsal and ventral margins parallel and nearly straight; anterior 
and posterior extremities subtruncate; a broad depressed zone 
extends from the umbos to the ventral margin of the valves; 
surface marked with irregular concentric lines of growth; inter- 
ior concealed. 

Length 36, height 13, diameter of the left valve 3.00 
mm. 
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The Siligua subequalis Gabb, from the Miocene of Santo 
Domingo is doubtless a Zugelus, belonging to the Section J/es- 
opleura Conrad. It differs from the present shell in being thin- 
ner, more depressed and more pointed posteriorly. Gabb’s species 
approaches very closely the recent 7. divésus Spengler of the 
West Indian fauna, judging from the specimens in the Maury 
collection at Cornell, differing mainly in its larger size. 


The interior of the Costa Rican shell is concealed so that the 
presence or absence of an internal rib cannot be determined. 
Its heavier shell and general form, is more that of typical Zage- 
lus differing from the recent gzbdus Spengler in its more central 
beaks. 


Gatun Stage: Rio Betey. 
Genus MACTRA (L.) Lamarck 


Subgenus MACTRELLA, Gray 


Mactra exoleta Gray Plate 28, figure 2 


Mactra exoleta Gray, 1837, Mag. Nat. Hist., p. 372. 
Mactra exoleta Reeve, 1854, Conch. Icon., MWactra, fig. 16. 


Comparision of our fragmentary shell with recent examples 
from the Bay of Panama show no inportant differences. The 
species is notable for its high, narrow, inflated umbos, strongly 
depressed posterior-dorsal margin and alation of its dorsal-pos- 
terior angle. 


At the present time, this species is restricted to the Pacific 
side, but represented on the Caribbean coast by the next, the 
Mactra alata Spengler, common along sandy beaches. It is 
therefore of more than usual interest to find these two species, 
together in the Miocene beds of the Caribbean slope of Costa 
Rica. 


Gatun Stage: Boucary creck. 
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Miactra alata Spengler Plate 28, figure 3 


Mactra alata Spengler, 1802, Skriv. Naturch. Selsk., vol. 5, part 2, 
P. 99. 

Mactra alata Reeve, 1854, Conch. Icon., Mactra pl. 8, fig. 29. 

Mactra (Mactrella) cf. alata Maury, 1917, Bull. Amer. Pal., vol. 5, 
P- 395- 

A thin, fragile species distinguished by its sharp dorsal-pos- 
terior angle and hatchet-shaped shell. It is related to the exo- 
leta, already referred to, but is a very much broader shell. In 
exoleta, the dorsal-posterior area is flat or concave, with a slight 
raised line which is bounded on each side by a markly depressed 
or sunken band. In a/aéa this area is convex. 

It is living today on the Caribbean side of the Isthmus, be- 
ing quite common on sandy beaches. 


Gatun Stage: Boucary Creek. 
fill No. 3, Banana River. 


Section HARVELLA, Gray 


Macira estrellana, n. sp. Plate 28, figure 1 


Shell rather large, ovate, thin, slightly convex; surface reg- 
ularly, concentrically plicated; the fragmentary type specimen 
about 38 mm in height has about 32 plicee which on the center 
of the shell disk are spaced about 2 mm apart; these plicee com- 
mence as in typical Harvella at the dorsal-posterior carina which 
bounds the escutcheon and extends across the surface to the an- 
terior extremity; the surface is, in addition, finely, concentrically 
striated; lunule large elliptical, smooth or finely striated; escut- 
cheon smooth; interior not known. 

Length 50, height 38, semi-diameter 8 mm, 
Although this is not a very rare species in the Costa Rican 


Miocene, its thin, delicate shell renders the collecting of good 
specimens very difficult and it is usually secured only as distort- 


264 BULLETIN 39 ' 436 


ed internals molds. It is related to the recent Pacific H7. elegans 
Sowerby, but differs in being less convex, wider and with more 
numerous and closer concentric plice. 
Gatun Stage; Coll. 6. Estrella River. 
Coll. 2, Quttana creek. 


Mactra sincola, n. sp. Plate 28, figure 4 


Shell thin, broadly subtrigonal, depressed, nearly equilater- 
al; beaks small and pointed anteriorly; lunule absent; escutche- 
on linear-lanceolate and defined from the shell disk by an elevat- 
ed carina; the surface is sculptured with strong, wave-like, con- 
centric plicze which are continuous from the anterior-dorsal mar- 
gin to the edge of the escutcheon; on the type specimen there 
are about 30 plicee on the center of the shell disk, spac ed about 
1.75 mm apart; the intervals between the concentric plicz 
are deep and trough-like and in width equal to the plicze them- 
selves; in addition the whole surface of the shell is finely sculp- 
tured with small, radial, vermiculate threads, best seen on the 
summits of the plice; the escutcheon is ridged on the middle 
and smooth; the hinge, largely concealed in the sandy matrix, is 
mactroid. 

Length 36, height 27, diameter of the right valve 5.5 
mm. 

The systematic position of this interesting shell is very 
doubtful. Its general surface sculpture of strong, concentric 
plicee and well-defined escutcheon resembles that of Harvella. 
“The surface is covered with fine, vermiculate threads as seen on 
Labiosa. 


Gatun Stage: Saury creek. 
Genus LABIOSA, (Schmidt) Moller 


Labiosa lineata Say Piate 21, figure 11 


Lutraria lineata Say, 1821, Journ. Acad. Nat. Sci. Phila., vol. 2, Pp. 
310. 
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Mactra Nuttallii Reeve, 1854, Conch., Icon., Mactra, fig. 125. 
Labtosa lineata Dall, 1898, Trans. Wagner Free Inst. Sci., vol. 3, pt. 
4, p. 906. 

This species is represented in our collection by fragments of 
the hinge and a perfect mold of the interior which is figured. 
This mold compares very closely with recent specimens of Ladz- 
osa lineata Say. 

Dall records this species as fossil in the Pliocene Caloosa- 
hatchie beds of Florida and we have several fragments in the 
Cornell collection from the Upper Chesapeake Miocene of Nat- 
ural Well, North Carolina. 


Gatun Stage: Saury creek. 
Coll. 6, Estrella River. 


Genus MULINIA, Gray 
Mulinia lateralis Say, var. sauryensis, n. var. Plate 28, figures 23. 24 


The species of Mudinta are extremlly variable and we have 
therefore associated this form with the common J/ateralis of Say, 
although it may later prove to bea distinct species. 

The general form of the shell is like corbulotdes Deshayes, 
the common Gulf variety of lateralis of Say. It differs most im- 
portantly from /aferalis in having the beaks situated a short dist- 
ance above the hinge-line as is seen in the Chesapeake Miocene 
M. congesta Conrad. In other characters, the Costa Rican shells 
are more closely related to the J/ateralis, than to the congesta. 
The shell is fairly convex and thin. 

Length 20, height 16, semi-diameter 6 mm. 


Gatun Stage: Zone E, Saury creek. 


Genus MESODESMA, Deshayes 
Mesodesma costaricensis, n. sp. Plate 28, figure 18 


Shell ovate, moderately convex, inequilateral, thin; anterior 
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end about % again aslongas the posterior, rounded; beaks 
high, triangular; posterior and anterior dorsal margins straight; 
ventral margin evenly rounded; surface nearly smooth; but with 
the dorsal submargins finely concentrically grooved; interior 
concealed. 


Length 22, height 16, semi-diameter 4 mm. 

A rather thin, Donax-like shell from the Lower Gatun beds 
of the Banana River. Its surface is smooth and polished with 
concentric grooves on its posterior and anterior dorsal area. 

Gatun Stage: Hill No. 3, Banana River. 


Genus GASTROCHAENA, (Spengler) Cuvier 
Gastrochena rotunda Dall 


Gastrochena ovata Sowerby, variety rotunda Dall, 1898, Trans. Wag- 
ner Free Inst. Sci., vol. 3, pt. 4, p. 825. 


Gastrochena rotunda Dall, 1915, Bull. N. S. Nat. Mus., No. 90, p. 157, 
pl. 19, fig. 2. 

A single, small specimen of a Gastrochena was collected in 
the Gatun of Red Cliff Creek. It is widely expanded about the 
posterior portion and probably represents a young shell of G. ro- 
tunda which Dall records from the Bowden beds of Jamaica. 
This species is alsofound in the Tampa Silex beds and in the 
Lower Miocene of Florida. 


Gatun Stage: Coll. 4, Red Cliff Creek. 
Genus CORBULA, Lamarck 


Section ALOIDIS, Megerle 


? Corbula vieta Guppy Plate 28, figures 15, 16 


Corbula wvieta Guppy, Quart. Journ. Geol. Soc. London, vol. 22, p. 
580, pl. 26. fig. 8. 

Corbula disparilis Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15, p. 
247. 

Corbula (Aloidis) vieta Dall, 1898, Trans. Wagner Free Inst. Sci., 
vol. 3, pt. 4, p. 859. 
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Corbula ( Aloidis) vieta Maury, 1917, Bull. Amer. Pal., vol. 5, P- 395, 
pl. 39, fig. 13. 


The members of this group of Cordule are difficult to sepa- 
rate satisfactorily as all are quite similiar in their characters. The 
right valve is broad, high and coarsely sculptured with regular 
concentric costz, while the left valve is much smaller, longer 
than high, with its surface smooth or faintly lined with un- 
equally distributed radial threads. 


The C. vieta was described by Guppy from the Manzanilla 
beds of Trinidad and most authors have regarded the Arycina 
tensa described at the same time as its left valve, an indentifica- 
tion which is open to question. Guppy’s figure of fezsa, shows 
a Veneroid shell strongly sculptured with even radials and 
fine concentric lines, and quite unlike the left valves of Corbule 
of the Alozdzs section. 


? Corbula vieta from Costa Rica is identical with Maury’s 
specimens from the Miocene of Santo Domingo. It is a smaller 
and more circular shell than the Corbula heterogenea Guppy 
which we have from the Canal Zone. 


Length 6.25, height 6.50, semi-diameter 3 mm. (right 
valve) 


Gatun Stage: Water Cay. 
Hill ra, 37, Banana River. 


Section CUNEOCORBULA, Cossman 


Corbula oropendula, n. sp. Plate 28, figures 12, 13, 14, 26, 27 


Shell small, solid, elongate, both valves of nearly equal con- 
vexity but the the right valve somewhat larger and overlapping 
on the left; beaks nearly central, the anterior end well rounded, 
the posterior somewhat contracted, slightly rostrated and with 
a well-marked keel; ventral margin more or less rounded, ter- 
minating at is posterior end ina small sinus, just anterior to 
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the keel; the basal margins of both valves are folded in and 
flattened as seen in C. contracta Say but toa less extent and 
least in the right valve; surface sculpture of rather heavy con- 
centric costee, most widely spaced on the umbos; the surface 
may also show fine radial lines of small pustules or punctee 
which are best developed on the rostrum; no lunular pit. 


Length 6.5, height 4.25, diameter 4 mm (Banana River). 
9 6 semidiameter 2 mm (Saury). 


We have chosen as the type of this spceies, the smaller and 
more abundant form as found in the Gatun bed of the Banana 
River, rather than the larger shells from the more inaccessible 
Saury. It is related to the C. contracta Say, but differs in hav- 
ing the ventral margin more curved, and the posterior extremi- 
ty more emarginate. Its surface is sculptured with rather 
strong, concentric costee which are more widely spaced on the 
umbos, and submicroscopic radial lines of fine puncte or small 
pustules, best seen on the rostral areas. 

Gatun Stage: Hiils ra, 3, Banana river (abundant). 


Zone G, Saury creek. 
Coll. 6, Red Cliff creek. 


Corbula Dietziana C. B. Adams Plate 21, figure 8 
Corbula Dietziana C. B. Adams, Contr. Conch., vol. 12, p. 235. 


Corbula (Cuneocorbula) Dietziana Dall, 1898, Trans. Wagner Free 
Imst Sei, vole a. ptady puo5 Os 
A recent species quite common in the coralline limestones 
of the Limon Peninsula, from which it has previously been re- 
ported by Dall from specimens collected by Hill. 


In its earlier stages of growth, this species resembles the 
C. equivalvis Phil. .(C. cubaniana d’Orb) in its rectangular from 
and strong dorsal keel. Later in life, the shells become strongly 
distorted, the ventral margin is abruptly bent downwards nearly 
at right angles to the former plane of the shell as is seen to a 
much less degree inithe recent C. contracta Say. Its surface is 
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coarsely concentrically grooved, the two valves being sculptured 
alike. 


Gatun Stage: Port Limon. 


Corbula hexacyma Brown and Pilsbry Plate 21, figures 12, 13 


Corbula hexacyma Brown and Pilsbry, 1912, Proc. Acad. Nat. Sci, 
Phila., vol. 64, p. 518, pl. 26, fig. 4. 


A species of the Gatun beds of the Central Zone. The shell 
is rather large, solid and with its valves similiary sculptured 
with a few, deep, wave-like, concentric ribs. Its right valve is 
slightly more convex than its left. Our specimens measure: 


Length 20, height 14, diameter of the left valve 6.00 
mm. 
Length 20, height 13.50, diameter of the rigth valve 
5-75 mm. 
Gatun Stage: Gatun, C. Z. 


Corbula orosi, n. sp. Plate 21, figures 9, 10 


Shell elongate, convex with the low inconspicuous beaks 
about the middle of the shell, so that the posterior and anterior 
ends of the shell are about equal in length; the right valve is 
slightly larger and its basal margin folds over slightly that of 
the left valve; anterior end rounded, the posterior narrow and 
more pointed but with the keel only very poorly developed; the 
surface is finely and evenly concentrically ribbed and both valves 
are similiarly sculptured; no lunule. 

Length 20, height 11.5, diameter of both valves 9.5 mm. 

A rather large species with nearly equally convex valves; 


surface sculptured with fine, regular, concentric mos, Js 
resembles the C. sarda Dall, from the Chipola Miocene but is 


much larger. 
Gatun Stage; Hill No. 3, Banana River. 
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Section BOTHROCORBULA, Gabb 


Corbula viminea Guppy Plate 28, figure 25 


Corbula viminea Guppy, 1866, Quart. Journ. Geol. Soc. London, vol. 
22s P2093, 1 pl 25,) eal Le 

Bothrocorbula viminea Gabb, 1873, Trans. Amer. Phil. Soc., vol. 15 
Pp. 247. 

Corbula (Bothrocorbula) viminea Dall, 1898, Trans. Wagner Free Inst. 
Sci., vol. 3, pt. 4, p. 850. 

Corbula (Bothrocorbula) viminea Maury, 1917, Bull. Amer. Pal., vol. 
5, P. 397, pl. 39, figs. 20, 21. 


This is a very characteristic species, distinguished by its 
large, deep lunule and its surface strongly sculptured with 
coarse, concentric, wave-like coste. It is known from the Mio- 
cene of Jamaica and Santo Domingo. 

The Corbula hexacyma Brown and Pilsbry, still known on- 
ly from the Gatun of the Canal Zone is similiar in form and 
sculpture but lacks the deep lunular pit. 


‘Length 15, height 10, semi-diameter 4.85 mm (right 


valve). 
Gatun Stage: Middle creek. 
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I. Terebra bipartita Sowerby, Saury Creek, height 77 mm........ 35 
2. Terebra dipartita Sowerby, Middle Creek, height 53 mm. 
3. Terebra cf. haitensis Dall, Sousi Creek, height 37 mm......... 35 
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PLATE 2 (5) 
Page 
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3-4. Conus proteus Hwass, Water Cay.........cccec.sseerscerreevercecece 42 
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4. Scobinella Morierei (Laville) Cossmann, length 52 mm., 
oro! Cayseanee eee ee cause ceinee ee 79 
5. Drillia papaya, n, sp., length 32 mm., Rio Cocles............... 63 
6. Turricula lavinoides, n. sp., length 54 mm., Banana River.... 55 


7. Halia americana, n.sp., length 66 mm., Mt. Hope............... 
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Page 
Drillia consors Sowerby, Grape Point Creek, length 60 mm... 61 
Drillia venusta Sowerby, Banana River, length 30 mm........ 61 
Drillia consors Sowerby, Mt. Hope, length 33 mm......... ..... 61 


Drillia carruca, n.sp., East Grape Point Creek, length 18mm. 71 
Turricula lavinoides, var. limonensis, n. var., length 97 mm., 


MOTOS Cay G acclnesn tte heteie sea aes eaee 56 
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Bullaria paupercula Sowerby, Middle Creek, length 22 mm... 34¢ 
Drillia limonica, n. sp., Port Limon, length 19 mm..............- 66 
Ancistrosyrinx Dalli, n. sp., Toro Cays, length 14 mm......... 60 


Ancistrosyrinx elegans Dall, var., Banana R.,length 15 mm _ 60 
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Drillia Cristobali, n. sp., Bocas del Toro, heigth 20 mm........ 7/9) 
Drillia chirquiensis, n. sp., Bocas del Toro, height 25 1mm.. 64 
Turricula taurina, n. sp., Bocas del Toro, height 25 mm....... 57 
Turricula Terryi, n.sp., Bocas del Toro, height 23.5 mm..... 57 
Drillia bocasensis, n.sp., Bocas del Toro, height 22 mm..... 73 
Drillia bocatoroensis, n. sp., Bocas del Toro, height 23 mm.. 67 
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Drillia limonensis, n. sp., Port Limon, height 20 mm......... Fi 
Drillia limonensis, n. sp., height 15 mm. 
Drillia limonetta, n. sp., Port Limon, height 12.25 mm......... 70 
Drillia theobroma, n. sp., Bocas del Tcro, height 21 mm...... 68 
Drillia citria, n. sp., Port Limon, height 11 mm.................. 65 
Drillia citria, n. sp., Port Limon, height 11 mm, 
Drillia cocosina, n. sp., Bocas del Toro, height 12 mm........ 75 
Drillia aurantia, n. sp., Fort Linon, height 11 mm........... 68 
Drillia aquanica, n. sp., Water Cay, height mm.................. 65 
Drillia aquanica var. 
Drillia lithocolletoides, n. sp., height 10.75 mm., 

BOCASICE NOLO sss wmcsie conan duns sconces 74 
Leucosyrinx chloris, n. sp., height 14.50 mm., 

BETES lV ANOLRO)) woneMonconbsnogsiinossa0 sede. 69 
Cytharella limata, n. sp., height 9 mm, Port Limon.............. 77 
Cythara terminula Dall, var. costaricensis n. var., height 13 

mm., Hill 1a, Banana River...... 77 

Cythara terminula Dall, var. costaricensis n. var., height 13 

mm., Hill 1a, Banana River.....:... Fa) 
Borsonia cocoensis, n. sp., Coco Plum, height 16 mm............ 78 
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25. Drillia aquzensis, n. sp., Water Cay, height 15 mm............-. 73 
26. Drillia musa, n. sp., Banana River, height 16 mmi............... 74 
27-28. Drillia musacina, n.sp., Banana River, height 9 mm ..... 69 

29-30. Glyphostoma moinica, n. sp., Port Limon, height, 
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PLATE 6 (9) 
1. Mitra Swainsoni Broderip, var. limonensis, n.sp., Port 


Limon, height 74 mim.......2--...-sss0.se0:+.- 100 
2-3. Cancellaria Plummeri, n.sp., Toro Cays, height 34 mm... 85 
4. Cancellaria toroensis, n.sp., Toro Cays, height 29 mm ....... 84 

5. Cancellaria Mauryz, n. sp., Cercado de Mao, Santo Domingo, 
height (36) WOM Se. sweets eacesosneneaee ees 82 
6. Cancellaria Barretti Guppy, slightly enlarged, Banana River. 81 
7. Cancellaria Rowelli Dall, East Grape Point Cr., height 30mm. 84 
8. Cancellaria dariena Toula, about natural size, Toro Cays........ 80 
g. Cancellaria Cossmanni, n. sp., somewhat enlarged, Banana R. 81 
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11. Cancellaria Cossmanni, n. sp., somewhat enlarged, Banana R 81 
12. Cancellaria isiacolonis Maury, enlarged, Red Cliff Creek........ 86 
13. Mitra cf. radis Gabb, Hone Walk Creek, height 33 mm.......... 102 
14-15. Marginella MacDonaldi Dall, Banana R., height 28. mm... 95 
16. Marginella mindiensis Cossmann, Gatun, height 9 mm....... creo) 
17. Marginella MacDonaldi Dall, Banana R., height 26 mm......... 95 

18. Mitra Almagrensis Toula, variety coralliophila, n. var., Port 
Limon, height 17 mm....... oa) LOR 
19. Marginella MacDonaldi Dall, Banana River, height 25 mm.... 95 
20-21. Mitra poas, n. sp., about natural size, Port Limon................ 102 
22. Marginella leander Brown and Pilsbry, enlarged, Gatun....... - 98 
23. Marginella mindiensis Crossmann, Gatun, height 17.5 mm...... g6 

24. Mitra Almagrensis Toula, variety coralliophila, n. var., Port 
Limon, height about 17 mm......... 103 

25. Mitra dariensis Brown and Pilsbry, Bocas del Toro, height 
BE INI, csc soccscanscceeuneconosenemeeeee nes IOI 


PEATE 7. CbO)) 


I. Oliva cylindrica Sowerby, Old Man Sam Creek.......... Sugeest 88 
2-3. Oliva brevispira Gabb, Red Cliff Creek..........00.. ..0 
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4. Oliva brevispira Gabb, var. Giraudi Cossmann, Middle Creek. 88 
SOU VarcatunensicmhonlamGattneeratsetameen ee eee 89 
6-7. Oliva Sayana Ravenel, var. immortua Pilsbry and Brown 
Banana’ Rev erseenescaccer races tear ee 89 
8-9. Oliva mancinella, n. sp., East Grape Point Creek.............. gl 
LOE ICI Lari araAGtcensis mAs en Water Carne tienes. aoe eeteee 94 
11 Olivella muticoides Gabb, East Grape Point Creek. ...........00 92 
12-13, Oliva testacea Lamarck, var. costaricensis, n. var., Banana 
URIV ETN Sota owe oth daanucen ae adeanencese rand 90 
1 2p livella muticoides Gabb, Red Cliff Creek............2..0.cecosseess 92 
15-16, Olivella Boussaci Cossmann, var., Banana River............... 3 
17-18. Olivella muticoides Gabb. Red Cliff Creek. ..........00..000008 92 
TO=20 mm Olivellaslimomensisy tin sp, port t AIM OM. ccotenccsdesesssstecceees se 93 
21. Marginella avena Valenciennis, Banana River ...............0..06 97 
22 OlivellasGoliathy ne.spr,-ked wClit Creeks c.s.5...ccscosees cee -<0aee 92 
23. Olivella Goliath, n. sp., Banana River 
24-25. Olivella limonensis, var., bocasensis n. var., Bocas del 
SOLON Masse cette doteuseocecsryueceie 94 
26-27. Marginella collina, n. sp., Banana River. .............ecceceseeeseee 97 
28. Marginella avena Valenciennes, Port Limon................000--0-+ 97 
PLATE 8. (Il) 
1. Fasciolaria MacDonaldi, n. sp., Banana River, height 70 mm. 106 
2. Voluta Alfaroi Dall, Banana River, height 63 mm............... 99 
3. Solenosteira chiriquiensis, n. sp., Water Cay, reduced........... 114 
4. Watirus taurus, n. sp., Toro Cay, slightly reduced................. 108 
5. Fusus miocosmius, n. sp., Bocas del Toro, height 100 mm..... 103 
6. Fusus honensis, n. sp., Hone Walk Creek, height 63 mm ..... 104 
7. Solenosteira Vaughani Dall, variety medioamericana, n. var. 
MORON CA Sepsecene mses see sre se aesee ies ac 113 
8. Solensoteira Dalli Brown and Pilsbry, Gatun, slightly en- 
har Cdinmismectcrsstees ste agesscascost sacs rig 
g. Fasciolaria Gorgasiana Brown and Pilsbry, Rio Betey, height 
3 OAINIU paeae huecse assesses swe nclsvacae'' 105 
10, lLatirus infundibulum Gmelin, Pumbri Creek, slightly re- 
MITCEU a eecteetasecevecse scutes secceaeens 107 
11. Peristernia insula, n. sp., Water Cay, height 23 mm............ IIo 


12. Jatirus irazu, n. sp., Port Limon, height slightly reduced..... 107 
13. Peristernia tortugera, n. sp., Port Limon, height 29 mm....... 110 
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PLATE 9. (12) 


Page 


Melongena consors Sowerby, Old Man Sam Creek, height 

pO) co 1901) Bop eer iors Ecc socapr Rca 112 
Phos Veatchi, n. sp., Hill 1a, Banana River, height 43 mm., 121 
Phos Veatchi, n. sp., Hill 1a, Banana River, height 41 mm.. 121 


. Phos gatunensis Toula, Gatun, height 30 mm................-.+++ 0 7 
Phos beteyensis, n. sp., Rio Betey, height 26 mm................. 122 
Northia northize Gray, variety miocenica, n.var., tip, Banana 

RIVER: . hei oecns caenes sabe estonae ae ne use aatoe 124 

. Phos Moorei Guppy, variety costaricensis, n. var., Banana 

River, Peisit. 20 MGI eceewee eee 118 
Phos mexicanus Bose, Water Cay, height 29 mm...... .......... 117 


Phos mexicanus Bose, Water Cay, height 27.5 mm. 

Phos elegans Guppy, variety limonensis, n. var., Port Limon 
Sayeeda ey PS 70h epee cooper snecsaoa sce 119 

Phos elegans Guppy, variety limonensis, n. var., Port Limon 
length 22.50 mm 

Northia northiz Gray, variety miocenica, n. var., Banana 


FUIVEE cansescadess Casnicedssneenacboewesase 124 
Phos subsemicostata Brown and Pilsbry, Saury Creek, hoe 

32 AUN ccc 5 cies satioc onan seeeeees 121 
Phos metuloides Dall, Mt. Hope, height 19.5 mm............... 122 
Phos estrellensis, n, sp., Estrella River, height 1g mm......... 120 


Phos estrellensis, n. sp., Estrella River, height 16 mm. 
Alectrion merenda, n. sp., Old Man Sam Creek, height 7 mm 124 


Alectrion ranuncula, n. sp., Banana River, height 14 mm..... 123 
Alectrion losquemadica Maury, Port Limon, height 11.50mm 123 
Alectrion ranuncula, n. sp., Banana River, height 14 mm...... 123 


PLATE 10 (13) 


Marginella latissima, variety Pilsbryi, n. var., Banana R....... 96 

Marginella latissima, variety Pilisbryi, n. var., Gatun 

. Clava costaricana, n. sp., Banana River, height 40 mm........ 144 

Metula Harrisi, variety limonensis, n. var.. Port Limon, 
G1 On 2.7, Trt eee severe dese esea meas 116 

Metula Harrisi, variety limonensis, n. var., Port et 
aXSTed nly Ply Seebeale shes seacsasseew eascsdner 116 


Strombina matima, n. sp., Banana River, height 12 mm........ 127 
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8. Strombina costaricensis, n. sp., Middle Creek, height 15 mm 128 
9. Strombina ambigua Guppy, Banana River, height 26 mm...... 126 
Io. Metula Harrisi, n. sp., Coco Plum, height 27 mm................. 116 
11. Metula Gabbi Brown and Pilsbry, Mt. Hope, height 28.5 mm 115 
12, Metula cancellata Gabb, Bocas del Toro, height 18.5 mm...... 115 
13. Strombina Lessepiana Brown and Pilsbry, Gatun, height 
PACS Sop Naot Mes caeeee aa eoreROn Maceo Moe 126 
VARS CLOMID IM ARCH ITI MIONSIS ates pease sees naseeeereee eee eeten ene te ee aeee 130 
15. Typhis alatus Sowerby, Toro Cays, height 23 mm...............+- 132 
16-17. Strombina costaricensis, n. sp, Middle Creek............0..... 128 
18. Strombina cricamola, n. sp, Water Cay, height 16 mm......... 127 
19. Strombina sincola, n. sp., Banana River, height 7 mm.......... 129 
20. Strombina Lessepiana Brown and Pilsbry, Gatun................. 126 
12. Strombina sincola, n. sp., Banana River, height 7 mm......... 129 
22. Typhis linguliferus, variety costaricensis, n. var., Bannan R. 132 
23. Sistrum nodulosum C. B. Adams, Red Cliff Creek............... 133 
ZA OLLOMDIM ANC Mitt MICHSIS wil USP. t.ecsccisucasetesetaccesoseslecsecseetieon 130 
25. Marginella musacina, n. sp., Banana River........ 00.02.2202. sce0es 98 


26-27. Strombina costaricensis, variety musanica n. var. Banana R 129 
28. Cerithium costaricensis, n. sp., Red Cliff Creek, height 


D2 Smt. seesteearoaceseesecsa sna ee tees 143 
29. Typhis linguliferus, variety costaricensis, n. var., Banana R. 132 
30. Clava alajuela, n sp., Middle Creek, height 17 mm............. 145 
31-32, Drillia estrellana, n. sp., Estrella River, height 7.50 mm... 69 
33-34. Columbella submercatoria, n. sp., Red Cliff Creek.............. 125 


PLATE 11 (14) 


I. Xancus scopulus, n. sp., Banana River, height 265 mm......... 11 
PLATE 12 (15) 
1. Serpulorbis papulosa Guppy, Banana RiveF............s.ceseeeeeeee 145 
2. Malea elliptica Pilsbry and Johnson, Banana River, height 
(Rye dt hes Koc d a bbdoooHEt coco upospcosspecae 139 
3. Sconsia levigata Sowerby, variety Gabbi, n. var., Toro Cays, 
Slip itlvaemlargedsn.csscaecssenaeinc a: 136 
4. Siliquaria modesta Dall, variety limonensis, n. var., Port 
Limon, somewhat enlarged......... 147 


5. Siliquaria modesta Dall, variety limonensis, n. var., Port 
Limon, slightly enlarged............ 147 
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6. Siliquaria modesta Dall, variety limonensis, n. var., Port 
Limon, slightly enlarged............ 147 
7. Sconsia cocleana, n. sp., Rio Coles, height mmi...........-.....-+. 138 
8. Cypreea cinerea Gmelin, Rio Blanco.............00seceeceee terse eeees 140 
9. Cypreea almirantensis, n. sp., Water Cay, height 39 mm...... 140 
10. Cypreea parisimina, n. sp., Port Limon, height 39 mm......... 139 
11. Phalium moniliferum Guppy, Rio Betey, height 35 mm........ 135 
12. Sconsia bocasensis, n. sp., Bocas del Toro, height 35 mm...... 137 
13. Sconsia bocasensis, n. sp., Bocas del Toro. 
PLATE 13. (16) 
1-2-3. Strombus pugiloides Guppy, Banana River.............0:.0.005- 142 
4. Fasciolaria tulipa Linnzeus, variety Port Limon................+.- 105 
5-6. Strombus gatunensis Toula, Water Cay, somewhat reduced... 141 
7. Polinices Stanislas-Meunieri Maury, Banana River, slightly 
FEAUCE. .cccysavecaesnad voces noe eee 157 
8. Natica Youngi Maury, variety cocleana, n. var., Cocles 
Creek, slightly enlarged::.:<...-.-.. 155 
9. Natica canrenaelMinneeus, (Gatuinic..cacaccqtescesseeeeo ues eeeee ae eeeceae 155 
10-11-12. Architectonica granulata Lamarck, Banene RIVERS eee 154 
13-14-15. Natica Guppyana Toula, Banana River..........-..c008 see 156 
16-17. Polinices subclausa Sowerby, Banana River, .............-..eeees 157 
PLATE 14. (17) 
i. Turritella oreodoxa, n. sp., Banana River, height 49 mm........152 
2. Turritella exoleta Linnzeus, variety limonensis, Port Limon, 
lakes sedalles gy herhone  osacee Tse gone melee 152 
3. Turritella exoleta Linnzeus, variety limonensis, n. var., Port 
Limon, height 36 mm 
4. Turritella altilira Conrad, variety chiriquiensis, n. var., 
Banana River, height 52 mm...... 150 
5. Turritella mimetes Brown and Pilsbry, Gatan, height 72 mm 149 
6. Turritella altilira Conrad, Mt. Hope, typical, height 50mm 150 
7. Turritella altilira Conrad, Gatun, typical, height 36 mm...... 149 
8. Turritella altilira Conrad, variety chiriquiensis, n. var., Wat- 
er Cay, height 116immpeerece ecco 150 
9. ‘Turritella altilira Conrad, variety chiriquiensis, n. var. Ban- 


ana River, height 4o mm............ 150 
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Fig. 10. Petaloconchus sculpturatus H. C. Lea, Water Cay, height 
SA PUIN Sete et eat wooo acs Sere come eee ee 146 

11. Turritella altilira Conrad, variety costaricensis, n. var., Sousi 
Creeks eioht) sq amiini seers eeeeeeee 15! 
12, Turritella gatunensis Conrad, Water Cay, height 36.5 mm..... 148 


13. Turritelia gatunensis Conrad, Water Cay, height 24 mm. 
14. Turritella altilira, variety chiriquiensis, n. var., Red Cliff 


Crecelo eels lites silanes sn saerese are 150 
15. Petaloconchus sculpturatus H. C. Lea, East Grape Point 
Creek; height; 24 imm-...-.-- peoena ss 146 


PLATE 15. (18) 


Fig. 1. Dentalium uscarianum, n. sp,, Rio Cocles, natural size......... 166 
2-3. Dentalium bocasensis, n. sp., Bocas del Toro, somewhat 

Cilat CCUM ear rsenccorere esses es 166 
4. Astralium brevispinum Iamarck, variety basalis, n. var., Old 

Man Sam Creek, natural size...... 162 
5. Astralium brevispinum Lamarck, variety basalis, n. var., Old 

Man Sam Creek, natural size...... 162 


6-7. Calliostoma castilla, n. sp., Port Limon, slightly enlarged.....165 
8. Calliostoma limonensis, n. sp., Port Limon, about natural 


SIZE. aeccpanspess cose Mesenecsueeepmaocsarn ss 164 

g-10. Calliostoma mancinella, n. sp., Red Cliff Creek, about nat- 
Ural Size gecaccessacsesease ane debs cco 164 

I1. Calliostoma limonensis, n. sp., Port Limon, about natural 
G17 Car se ene ine pane tae ease n ec oie areess 164 
12. Turbo saltus, n. sp., Red Cliff Creek, height 17 mm...... ....-. 161 
13. Scaphella costaricana, n. sp., Cocles Creek, height 29 mm..... 100 

14 Ptychosalpinx ? dentalis, n. sp., Cocles Creek, about natural 
SIZ erg. seoecaenaaiaatcrssarensedow Nec sis iaarier 109 


15. Actzeon costaricensis, n. sp., Banana River, height 19.5 mm. 34a 
16. Chlorostoma costaricensis, n. sp., Red Cliff Creek, diameter 


MOS) Wliecanss ace eemees ewe cislese ete sei = 163 
17. Crepitacella limonensis, n. sp., Port Limon, height 8 mm..... 143 
18. Ptychosalpinx ? dentalis, n. sp., Cocles Creek, about natural 

RNA Sins so dopo a CSCO SOE CRONE IO 109 
19. Bursa crassa Dillwyn, Banana River, about natural size........ 134 


20-21. Acteocina bullata Kiener, variety costaricana, n. var., Mid- 
dle Creek, height 10 mm............ 34a 
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Neritina viridemaris Maury, Middle Creek, enlarged............ 159 
Alaba turrita Guppy, Estrella River, height 5 mm............... 153 


PLATE 16 (19) 


Pecten MacDonaldi, n. sp., type, Gatun (Toro limestone) 
right valve, height 96 mm.......... 198 

Pecten MacDonaldi, n. sp., cotype, same locality, left valve 
height 79 mm. 

Pecten gatunensis, Chagres Spillway, right valve, height 


Pecten gatunensis, same locality, left valve, height 48 mm. 
Pecten levicostatus Toula, Hill No. 2. Banana River, slight- 


Ty -Tedticed .n.dseccces.-cancseseecevesscee 199 
Pecten levicostatus Toula, same locality, left valve, slightly 
reduced 
Pecten levicostatus Toula, same locality, right valve slightly 
reduced 


PLATE 17 (20) 


Amusium luna Brown and Pilsbry, Chagres Spillway, some- 
What Temueet! ...cccccowatt save eieaedenere 205 

Pecten preglyptus, n. sp., Cocles Creek, natural size (type).. 202 

Amusium bocasensis, n.sp., Bocas del Toro, natural size, 


COLY PO sevice ccna circuses evonmaneesaeeiean 206 
Amusium bocasensis, n. sp., Bocas del Toro, interior of right 

valve. 
Pecten coralliphila, n. sp., type, Port Limon, slightly en- 

MAT PEC Wigee csete aces cre tereronctioseasaes eee. 199 
Pecten coralliphila, n. sp., Port Limon, left valve............ce. 199 


Pecten preglyptus, n. sp., interior view of type, natural size 202 
PLATE 18 (21) 


Ostrea megodon Hanley, Banana River, natural size ........... 195 
Glycymeris canalis Brown and Pilsbry, Comadre Creek, about 
HMALUTALGIZSy. cassnaaceacehacse eee eee 177 


A 


453 Costa Rica MroceENE—OLSSON 281 


Page 

3. Glycymeris canalis Brown and Pilsbry, Banana River, about 
Matira sizer eects bio oiass siguctewts kines 177 

4. Glycymeris canalis Brown and Pilsbry, variety, East Grape 
Point Creek......... Lccoodiceees iweneaeee 177, 

5. Glycymeris canalis Brown and Pilsbry, variety, East Grape 
PototeGreelke™. ac ctcsericesce oeeevaes 177 
6-7. Glycymeris canalis Brown and Pilsbry, Banana River......... 177 
8. Pecten costaricensis,n. sp., Red Cliff Creek, right valve........ 201 


g. Pecten costaricensis, n. sp., Red Cliff Creek, left valve. 

10. Pecten costaricensis, n. sp., Red Cliff Creek, right valve. 

11. Pecten costaricensis, un. sp., Red Cliff Creek, left valve. 

12. Leda ensinoides, n. sp., Banana River, length 54 mm........... 174 
13. Glycymeris castaneus Lamarck, Banana River,length 30 mm. 180 
14. Glycymeris castaneus Lamarck, Banana River,length 23 mm. 

15. Leda Balboze Brown and Pilsbry, Banana River, enlarged..... 173 
16. Pecten almirantensis, n. sp., Bocas del Toro,heigth 4.75 mm. 203 


Wome Secten actus, Hersp., LO I iimon height 4V5O titi...) v<--s em. 204 
18, Pecten aotus, n. sp., Port Limon, 4.75 mm. 

19. Leda quitanensis, n. sp., Quitana Creek, length 26 mm........ 174 
20. Leda Davile, n. sp., Bocas del Toro, length 5.75 mmi........... 173 
21-22-23-24. Nucula cahuitensis, n. sp., Saury, length 3.50 mm..... 171 


25. Nucula tenuisculpta Gabb, Red Cliff Creek,length 4.00 mm. 172 
PLATE 19 (22) 


Fig. 1. Glycymeris carbasina Brown and Pilsbry, East Grape Point 


Creek, about natural size............ 179 
2. Glycymeris carbasina Brown and Pilsbry, same locality, 
about natural Sizer escsesssseeesscsteee 179 


3-4. Glycymeris jamaicensis, Red Cliff Creek, about natural size 178 
5. Glycymeris carbasina Brown and Pilsbry, East Grape Point 
Creek, small shell about natural 


GIS sotteb cco saatalind peeaba shncogpmodaneaeee 179 
6-7. Glycymeris decussatus Lamarck, Old Man Sam Creek, nat- 
(Dig?) US PAD nse pconabnotcocsdcodedode 1 ese 180 


PLATE 20 (23) 


Fig. 1. Spondylus chiriquiensis, n. sp., Water Cay, height 151 mm... 206 
2. Spondylus chiriquiensis, n. sp., young shell to show the small 
foliaceous attachment area. 


3. “Thracia Tristani, n. sp., Rio Betey, length 42 mm.......-....-- 21 
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Crassatellites Reevei Gabb, Banana River, slightly reduced.. 212 
Spondylus chiriquiensis, n. sp., Water Cay, young right 


Spondylus chiriquiensis, n. sp., Water Cay, young left valve. 
PLATE 21 (24) 


Spondylus gumanomocon Brown and Pilsbry, Hone Walk 
Creek, shell greatly reduced....... 207 
Ostrea costaricensis, n. sp., Rio Blanco, about natural size... 196 
Placunanomia lithobleta Dail, Banana River, height 36 mm.. 210 
Placunanomia lithobleta Dall, Banana River, height 49 mm 
Placunanomia lithobleta Dall, interior of same specimen as 
figure 3. 
Anomia simplex d’Orbigny, Middle Creek, height 34 mm..... 209 
Corbula gatunensis Toula, Gatun, length 21 mm. 
Corbula Dietziana C. B. Adams, Port Limon, length 15.5 mm. 268 
Corbula orosi, n. sp., type, Banana River, length 19.5 mm... 269 
Corbula orosi, n. sp., type, Banana River, length tg mm. 
Labiosa lineata Say, Saury Creek, length 44 mm.......... ....... 264 
Corbula hexacyma Brown and Pilsbry, Gatun,length 26 mm. 269 
Corbula hexacyma Brown and Pilsbry, Gatun length 18 mm. 


PEATE a2 925) 


Arca occidentalis Phil., Port Limon, somewhat enlarged...... 181 
Arca umbonata Lamarck, East Grape Point Creek, slightly 
enlarced! iy. c.c.epececesconenece a Sesiseaee 182 


Arca auriculata Lamarck,,Old Man Sam Creek, young shell.. 190 
Arca Maurye, n. sp., Port Limon, right valve of type, length 

BA UNM concackecescuees oneeice cose TeeeR ee 182 
Arca candida Gmelin, Port Limon, left valve, length 18 mm. 1 83 
Arca candida Gmelin, Port Limon, right valve length 


13 mm. 
Arca Mauryes, ni sp., interior view: Ob typercnssessstcceseeseseeee 182 
Arca honensis, n. sp., Hone Walk Creek, left valve type, 
slightly reduced j.cc-ntsnceaseamea wee 187 
Arca honensis, n.sp., same locality, right valve of cotype, 
Slightly reducedi..centesee-ceseeceen 187 


Arca dariensis Brown and Pilsbry, Water Cay, about natural 
SIZE, Sicaansucrecohen san acceee eet Oe 184 
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Arca dariensis Brown and Pilsbry, Water Cay, about natural 


Arca dariensis Brown and Pilsbry, Gatun, about natural size. 
Arca dariensis Brown and Pilsbry, Gatun, about natural size. 


PLATE 23 (26) 


Arca Veatchi, n.sp., Water Cay, left valve of type, length 

IG MesITUST tone ns asia teensatiicsee cece seer ene 189 
Arca Veatchi, n. sp.,Water Cay, interior of left valve of type. 
Arca Veatchi, n. sp., Water Cay, right valve of type. 


. Arca golfoyaquensis Maury, variety medioamericana,n. var., 


Hone Walk Creek, valve of type, 
Rene LOO ZOniMN 2... .ceee.cssescccsasstee's 188 

Arca golfoyaquensis Maury, variety medioamericana, n. var., 
Hone Walk Creek, left valve of 
type, same locality. 


7-8. Arca actinophora Dall, Red Cliff Creek, nearly natural size.. 185 
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PLATE 24. (27) 


Arca cacica, n. sp., type, Comadre Creek, length 36 mm...... 190 
ALCauILuerntOall me Saliva Creek. NAturalisiZe: ay .isrcssceemerer vee 192 
-5. Arca Pittieri Dall, Hill ra, Banana River, natural size. 
Arca Pittieri Dall, Hill 1, Banana River, natural size, 
Arca Hindsi, n. sp., type, East Grape Point Creek, natural 
GHIPAS nepongesseGasaesonouUnee ahs -oboodadeeoscc 193 
Arca Hindsi, n. sp., co-type, Rio Betey, natural size. 
Arca Hindsi, n. sp., co-type, Hill 3, Banana River, natural 
size. 
Arca Lloydi, n. sp., co-type, Red Cliff Creek, length 18 mm.. 192 
Arca Lloydi, n. sp., type, same locality, diameter 18 mm. 
Arca Lloydi, n. sp., co-type, same locality, length 15.5 mm. 


Arca Henekeni Maury, Water Cay, length 30 mm................ 186 
Arca Henekeni Maury, Water Cay, length 28 mm, 
PLATE 25 (28) 
Arca costaricensis, n. sp., type, Hill 1a, Banana River, nat- 
186 
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Arca costaricensis, n. sp., co-type, Hill ra,Banana River nat- 
ural size. 
Arca actinophora Dall, typical form, Mt. Hope, slightly re- 


Arca MacDonaldi Dall, Hill No. 3, Banana River, nearly nat- 
ural size, interior view to show 
high, cardinal area......1...---.. ...-. 

Arca MacDonaldi Dall, exterior of the same specimen. 

Arca MacDonaldi Dall, variety subreversa, n. var., Rio Betey 
exterior of left valve. 

Arca MacDonaldi Dall, variety subreversa n. var., Hill No. 3 
Banana River, interior of right 
valve, to show form and low card- 
inal area. 

Glycymeris Lloydsmithi Pilsbry and Brown, Red Cliff Creek, 
right valve, slightly reduced....... 

Glycymeris Lloydsmithi Pilsbry and Brown, same locality 
left valve. 

Glycymeris Lloydsmithi Pilsbry and Brown, same locality 
right valve. 


PEATE 26: (29) 
Tellidora cristata Recluz, Hill 3, Banana River, nearly nat- 


WEBI SIZES. fh cnccaavs cece once aceanwece enoenae 
Tellidora cristata Recluz, Hill ra, Banana River, nearly nat- 
ural size, 
Tellina dariena Conrad, Water Cary wiatinral SIZehcesrcteteenee 


Tellina lepidota Dall, Water Cay, length 24 mm.................. 
Tellina lepidota Dall, Water Cay, length 21 mm. 
Tellina costaricana, n. sp., Banana River, about natural size 
Tellina rovala, n. sp., Water Cay, slightly enlarged............. 
Tellina rovala, n. sp., Water Cay, (type) slightly enlarged. 
Tellina costaricana, n. sp., Banana River, about natural size 
Tellina crystallina Wood, Banana River, enlarged nearly 
Macoma panamensis Dall, variety canalis n. var., Mt. Hope, 
iVskeqeloben cent rolameaenoraseeey <ooacc 
Tellina umbra Dall, East Grape Point Creek "onlarced about 
Be CIINES. nea eecewesenace Stoel acnenitere cs 
Macoma gatunensis Toula, Banana River, about natural size 
Macoma costaricana, n. sp., Rio Betey, about natural size 


age 


185 


194 


181 


251 


249 


257 


253 
257 
256 
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15. Tellina umbra Dall, East Grape Point Creek, enlarged about 
A Ub G0 V Chen AREER Ponies cach EEE 253 
' 16. Macoma costaricana, n. sp., Banana River, about natural size 256 
17. Tellina nasua, n. sp., Red Cliff Creek, about natural size...... 250 
18. Strigilla musanica, n. sp., Banana River, lengtherstmtn ce. 2 255 
19-20, Venericardia Conradiana Gabb, variety limonensis, n. var., 
Port Limon, length 7 mm........... 217 
21. Chione grus Holmes, variety, Red Cliff Creek, enlarged about 
AG CICS Rem Seameine ssc sete aceeaee ee eeeen 248 


22. Cardita caribbeanensis, n sp., Banana River, length 18 mm. 214 
23-24. Limopsis monilis, n. sp,, Old Man Sam Creek, length 1.75 
TIVIM os orcieciicserMocnebscersterseestaseeas es 177 


PLATE 27 (30) 


Fig. 1. Cardium spinosum Meuschen, var. Turtoni Dall, Port Limon 


ADOmtinatur alisizemina: sei ayaene asses 228 
2. Cardium dominicense Gabb, East Grape Point Creek, slight- 

ly reduGed [or .Sices crescsdee ss cosocteeee 225 
3. Cardium costaricauum, n.sp., East Grape Point Creek height 

2yR 500600 ope manmereooe Pokseseatoueasadvecnts 226 
4-5. Cardium stiriatum Brown and Pilsbry, Banana River, slight- 

1 bigs daze lb Pet oun soduuammsescndodenapacderion 225 
6. Cardium medium Linné, Port Limon, about natural size....... 226 
7e Protocardia gurabica Maury, Gatun, length 29 mm............... 229 


8. Protocardica gurabica Maury, Water Cay, length 25 mm. 
g. Protocardia gurabica Maury, Water Cay, diameter 19 mm. 


ro. Cardium heredium, n. sp., Rio Betey, length 11.50 mm........ 227 
11-12, Cardium serratum Linné, Middle Creek, natural size......... 228 
13. Protocardia costaricensis, n. sp., Comadre Creek, length 21 

ANA TIN aoe ers eae Eo Poss rumen ove nev esteet 229 


Fig. 1. Mactraestrellana, n. sp, Estrella River, length 50 mm......... 263 
2. Mactra exoleta Gray, Boucary Creek, about natural size....... 262 
3. Mactra alata Spengler, Banana River, about natural size...... 263 
4. Mactra sincola, n. sp., Saury Creek, length 36 mm .............. 264 
5. Echinochama yaquensis Maury, Old Harbor............:sessseeee 219 
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6. Plicatula marginata Say, Water Cay, the lower or attached 
valve, enlarged about 2% time.... 208 

7. Plicatula marginata Say, Water Cay, the lower or attached 
valve, enlarged about 2% times. 208 


8. Echinochama antiquata Dall, Rio Blanco............-s:sseeee eee eees 218 
g. Pteria inornata Gabb, Red Cliff Creek, natural size. ........... 195 
Io. Limea solida Dall, Red Cliff Creek, height 2.5 mm.............. 209 
1r. Chama congregata Conrad, Red Cliff Creek, enlarged about 
EWICEL cece cei cca scat cassecenwceseccssceses 218 
12. Corbula oropendula, n. sp., Banana River, length 6.5 mm..... 267 


13. Corbnla oropendula, n.sp., Banana River, same valve but 
less magnified, length 6.5 mm 
14. Corbula oropendula, n. sp., same locality, right valve, 6.5 


mm. : 
15. Corbula cf. vieta Guppy, Banana River, right valve, length 
(OMe Ws 19h 0s Re oeanacercoces coocceccdece oS 266 
16. Corbula cf. vieta Guppy, Banana River, left valve, length 
6.25 mm. 
17. Leda Dalliana, n. sp., Port Limon, length 10.50 mm............ 175 
18. Mesodesma costaricensis, n. sp., Banana River, length 22 i 
IND hedws ss cgcdaiseiasewenes Gneckes on ceces sens 265 
19. Nucula orbicella, n. sp., Port Limon, length 9.5 mm..... eS sehs 171 
20. Nucula orbicella, n. sp., Port Limon, length ri mm. , 
21-22. Yoldia bocasensis, n. sp., Bocas del Toro, length 9.5 mm... 176 Q 
23. Mulinia lateralis Say, variety sauryensis, n. var., Saury 
Creek, about natural size............ 265 j 
24. Mulinia lateralis Say, variety sauryensis, n. var., Saury 
Creek, about natural size. 9 
25. Corbula viminea Guppy, Middle Creek, length 15 mm......... 270 , 
26-27. Corbula oropendula, n. sp., Saury Creek, length 9 mm...... 267 ; 
3 
PLATE 29 (32) 
Fig. 1. Semele levis Sowerby, variety costaricensis, n. var., Hill 3, 
Banana River, length 72 mm...... 258 
2. Semele Claytoni Maury, Hotel Creek, natural size.............. 259 i 
3. Metis barba, n.sp., Rio Betey (type), right valve, length f 
AS ATH Utter vanemnenencs astancanacietteatnceae 255 ‘ 
4. Metis barba, n. sp., Rio Betey (type), left valve, length 
48 mm. 
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Sanguinolaria alouatta, n.sp., Banana River, right valve, 
Leng thyGoymitte.<.ce-. pease thera cence 260 
Sanguinolaria alouatta, n. sp., Banana River, left valve, 
length 54 mm. 
Psammosolen gatunensis Toula, variety costaricensis, n. var. 


Rio Betey, length 63 mm............ 260 
Semele Sayi Toula, Sousi Creek, slightly enlarged .............. 258 
Tagelus cebus, n. sp., Rio Betey, length 36 mm.................. 261 
Abra triangulata Dall, Bocas del Toro, length 7.25 mm........ 259 
Crassatellites midiensis, n. sp., Middle Creek, length 3.25 

GUAM so wstieanjeres ce yee bate serene coeeees 213 
Crassatellites bowdenensis Dall, variety costaricensis, n. var. 

emotes s Oumtiltse.-sses ects te tec cs 213 


PLATE 30. (33) 


Antigona multicostata Sowerby, Water Cay....... fatsc seats eceicanes 239 
Chione Rowleei, n. sp., Banana River, length 42 mm.......... 244 
Antigona Harrisiana, n. sp., Port Limon, length 21.5 mm... 241 
Antigona rugosa Gmelin, Port Limon, about % natural size 240 
Antigona Blandiana Guppy, Comadre Creek, length 30 mm.. 241 
Antigona Blandiana Guppy, Port Lomon, length 24 mm. 

Chione mactropsis}Conrad, Gatun, length 30 mmi................. 245 
Chione mactropsis Conrad, Sousi Creek, length 51 mm. 

Chione holocyma Brown and Pilsbry, Gatun, length 36.5 


PLATE 31 (34) 


Dosinia acetabulum Conrad, Rio Betey, somewhat reduced... 231 


Cyclinella beteyesis, n. sp., Rio Betey, height 39 mm........... 242 
Pitaria circinata Born, Saury Creek, about natural size......... 236 
Clementia dariena Conrad, Sousi Creek, height 60 min ...... 232 
Pitaria Hillii Dall, variety musanica, n. var., Banana River, 
length 42 MM...........seeeeseeee eens 237 


. Macrocallista maculata Linnzeus, Middle Creek, about nat- 


TANG IZOn inet eaccds eos tiveeaaeVenrnsasersee 234 


Cyclinella subquadrata Hanley, variety quitana, nf. var., 
Quitana Creek, height 28 mm..... 243 
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g. Pitariacireinata Born, Saury Creek, about natural size......... 236 
10, Pitaria boucaryensis, n. sp., Boucary Creek, about natural 

SIZG sea Se Ae ateee on sos eee ee oe 239 


11. Pitaria Guppyana Gabb, Port Limon, about natural Size. :.... 237 
PLATE 32 (35) 


Fig. 1. Callocardia gatunensis Dall, Banana River, about natural 


SIZ ve seemse skdensdeut dosnceeneseneer eoraene 235 
2-3. Pitaria VanWinklee, n.sp., Banana River, about natural 

SIZO occ ccheeceaneaate Boss se eae eee 238 
4. Chione costaricensis, n. sp., Banana River, length 34 mmi..... 245 
5. Phacoides costaricensis, n.sp., Middle Creek, length 11.50 

pis 000 RAE aCe eEeeece cee pRaCouECC acm oncns 222 
6. Phacoides bocasensis, n. sp., Bocas del Toro, length 10.00 

p05 bit eeree ee en athe eon nooseee SoeCce 293 
7. Chione poreieetie n. sp., Hotel Creek, slightly reduced...... 247 
8. Cardita matima, n.sp., Old Man Sam Creek, about natural 

SIZE. csewcaceaegcecnsecncge seas sekeneesiesacs 215 


9-10. Chione chiriquiensis, n. sp., Water Cay, Jength 13.75 mm.. 248 
11. Myrtzea limoniana Dall, Red Cliff Creek, height 9.50 mm..... 221 
12-13. Venericardia Terryi, n. sp., Quitana Creek, natural size.... 216 
14. Venericardia scabricostata Guppy, East Grape Point Creek, 

ADOME MetWTAl SIZE. cdnecc se qeeease 216 
15. Diplodonta collina, n. sp., Middle Creek, height 6.75 mmi..... 220 
16. Phacoides radians Conrad, variety medioamericanus, n. sp., 


Middle Creek, height 9 mm........ 22r 
7 Venericardia scabricostata Guppy, Comadre Creek, about nat- 
UPA] SIZE. Kcshvecoes cyeseee oeeeee caereaees 216 


18. Gafrarium limonense, n. sp., Port Limon, yeneeh 4.75 mm 233 
Ig. Gafrarium altum Dall, variety costaricense, n. var., Estrella 


River, enlarged about 3 times...... - 234 
20, Divaricella quadrisulcata d’Orbigny, Middle Creek, height 

14? THIN ys ansen gecesmes soeel see canoes emeee 224 
21. Diplodonta insula, n. sp., Water Cay, height 6.5 mm.....2...... 220 
22. Gafrarium altum Dall, variety costaricense, n.sp., Middle 

Creek Heist 7 hetiinn wcceeeeees 234 
an. Myrtecanlimoniana’ Dall, Port ubimonxesceencccoeneed eters 221 
24. Phacoides actinus Dall, Bocas del Toro, height 4.50 mm....... 224 
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Wa herd: 1s hreceshonenao seasoned acb0c 75 
Manecmelulas 70 .7.ccc-<0ceeseiecs 263 
PEUIGHIATIS 2c. cee eacees eersones 260 
sayana, var. immortua 70 
205, 261 
testica, var. costaricensia 
70 190, 262 
RESUACEA ee eee gee asses I9I, 192 
Olivella, var. bocasensis 70.....266 
[POUSSACH. LOK sccaspielnesnseoeeens 265 
CULACHE 1. ciccrcice onectetoneouetees Fa 
fOoralia ss .cses Ay.ee acachoee aesestees 76 
PalvestonenSis a...s-ss--eeeee ane, 
Poliathy 2015..5--.-ce nese seen 264 
Hj ASPidea Janse iho cagueseeeteeeeaease 76 
[immORENSIS’ “702...5.c.c05 188, 265 
411 CATA WIA Lo, oon ceasoeca sacs eeseuennes 26 
PMUTI CA. Lo erate ae cuca eee 7) 
MUCICOIdES TOR eee 195, 264 
MIV EE sc, ae cebaye ee eteeckeneeeee 76 
plisillal..ccitcesccseree aseeaenes 76 
Semuiliguitica 7.2..<ccayeeseeee=s 13 
Subtexaiias A. coccsccoceescn eons 77 
LESTACEA Yc. waaresetocaweuaenceteeds 192 
QOniIsGian hte Shanes coneeccete emer 118 
OniStidiadennisoni,...7<cssccesewecs 118 
Oocorys abysSorutile.ccesse ceeeeeee Il7 
Ostrea costaricensis 27...201, 
368 
MABUNENSIS <5 ss.nanneseaneeennee 186 
IMESTMME HOLMES saay cescenen eters gee) 
megodon 27...... 189, I9I, 
194, £99, 367 
sculptirata sarc oneeerete 201 
Ovula regularoidea 7)....2.0s0..cs0 14 
Qyyulltamicc ce arco ee ace a seneneats =ti2 
eanitillaruinineceuamecsee sees 112 
ALCUAUILIN Ve. eters ttatacintcst 112 
Carolimensie:c.ceeeeer ees Mee II2 
SUDrOStraAtU ml ccasse see 112 
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Oxygyrus keraudreni............... III 
P 
Pachycheilus anagrammatus.....129 
Satilletistcueneers cone Nee aee 130 
SUA VIS Mest cera e aye os cec nae 130 
Paludestrina aldrichi............ .. IAI 
AUDESLIA awn ste bese a eoeae 142 
im oUllatamreeMesey eee wae: 141 
TROPUOT Sse Gooey ROH SRE Ro eee 142 
Mv aren oe os saccenee seaeen roma c au 141 
Gubticu las cea.ensscess corer eon ics 142 
PanoOpedabellsencisnas:ctesnsencatks 22 
RAAT EMCN Ares encase sekss ifsc menace 110 
Hasitheasuttulae....ccestecesss.s asc: 7 
Watellaraccraste asst cscich ns 58, I51 
CCWESTEIS. Cree nceeeseecencsn eee: 143 
LOLUICATA: «5 sce spoeecences.caee LAS 
Baycaudeatiau=<aeidacseses:ce:s 149 
Pecten alabamensissescssss.7<.er.csc 25 
AlmirantenSism 27asesesn see. 375 
AOUIS Meo Taneer a veeus enced see caees 376 
coralliphila, 20, ...:....- 188, 371 
COSEATICCHSI Smee Tone eee sare nee 373 
CIT OSA ommene neste oo. has ee ctenesnaece 186 
SAMMI SIS MEL Oe ee. deese Sacer 369 
levicostatus g...187, 200, 
371 
Nth AO oer sph adeseecaceeee 377 
AMA COM ALG Tg 7Osssec oncececeace: 370 
Oligolepisnen te se:. sees Shooseebon 375 
operculariformis ............... 186 
PLES y Pts 820%... .c..--se 2 374 
BELIUUS eeonesyeenear eto Gees see 186 
SatitarOsanus.......0...--<- 200, 371 
VEU COSUIS sre ace eimacceerer sacs 192 
Pectunculus castaneus.............. 352 
GECUSSALUIS'E: ausssacneses. 350, 352 
DEUNACENG He. 2ciecrsas 350, 352 
Pediculatria al bide... -cs-senvtos 113 
Gecussata scares: Medea cots ae 113 
Redipes elomeatus ctr: sesencaccesss 54 
ALE AD ILS Sees ccetiemasen eetdesee aan 54 


MALI COL GS seed anteeceesweee 3s 54 


OVAIIS trace seinen te feeeee ene 54 
quadtidensscesncenessecee secre 54 
tHideUse sec caccceeos ene ee eee 54 
Reraclesreticn| ata vase ce emee tee 44 
EriSteriiaminet! amie vases eeee 282 
WORMS OO ka sacasacackoontors 282 
Beristi Ciiava oie eamecssceceseset ees III 
Octal ces ce aacees ewecesuhesasecse TIt 
ersonarsimi lim avesreceeseseseieeee 305 
Petaloconchus domingensis 204,318 
ELCCEUS Soa sceeeeccccmeetesteseiness 133 
bere culariGaetce..cosesesaceees cose 133 


sculpturatus 77...196, 199, 
203, 204, 318 


WALIANS eee eee 133 
Retricola miulilestriata...cses-. cee 187 
REthOtrochuss jee seteccee sseceeee nee 164 
Phacoides actinus 35....... 200, 396 

DOCASENSISN 7 5ance-cessesees aie 395 

GOSEALICENSIS! shipeescsscsi eee 394 

var, medioamericanus........189 

FAGAN S Heeeeecsceene ee castes 189, 205 

radians, var. medioameri- 

CANUSM MTS tecssacccsess caer 393 

CHISMICATH Steers ase 189, 205, 394 

anova bbiesqouanl Yess Gans 200, 307 
Phastanelllawvascuptuscrccscceare se 136 

DEVAS ie en niece sscecssesseisnse 152 

TOPS Aeery ace sseeeca sectors 332 

j OWE NS cs oaeeindensoge ues onedor 152 

PUMCTALA res onpeeti scree a ee 333 
Philine ext OSa.....52.ssssn~ossseaes 53 
PRhorusjagolutimanss..spesces ees 332 
Phosvantillarutnnce.ngacsass esses 88 

[DEW KSIGIS Pes ones nogonsssbpa: 294 

Cand Clteassreenencemesas sence sees 88 

GlEG ANS Nasaccnse ses sete tee net: 188 

elegans, var. limonensis 

Laetitia oe oolen sae eek 291 

EStrellensisiee ase avis 292 

SAlVectOMensiSeenaswerente say 88 

PALUMEMSIS? Lae eseccsaes oes 289 

PRAtelOUPeHSIS.cmnecc-ssarteee= a? 88 
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PtKICAtUS iercesesn eres er eeeess ..88 
MerwlOides, 72..5..-.-.<--2-2--s294 
mexicanus 72.....200, 201, 289 
Moorei, var. costaricensis 


DO tramts eels ov create oe eeenose et 290 
PAEVTIS. aoe seats ccs ens tcctasmseens 88 
subsemicostatus 72.........+- 293 
VeatClila eso anne cetenenseeren 293) 
PH VALO MOUS 72e oe. canoeteaesee selene 96 
Pitaria boucaryensis 34........... 4II 
Circinata 37:...:... IgI, 194, 408 
COPA a eM ainneiena. ate oe 187 
anyeyenyeniey, i ecrenaubooarse nse 409 
hilli, var. musacina 34.....409 
planivietasemcer tater eecsc ne 409 
Wiebe nyabodieees FY Aes se ocnnseee 410 
Placunanomiia lithobleta 24...194, 
199, 382 
Blanorbis sOpMiswnc sea ee 56 
Blaty solids wees cen chen saseeree rer 40 
Jeet Kevob ike) Cos 00s hs ae NO yn A Nance, Sota 63 
AOECOMA Renae cansiae ene aamareen ee 26 
BLD IGane are gree sestaee emcees: 230 
alesidotames-casses sens 209, 234 
ATTY Dl icienee et eee cence Nace 66 
antiberois Sechoc cose sees eee 220 
DARKECIC Sr tent, seein. meee eats 230 
lola eam disrceryn ener tar aee sere 68 
Var OEM CA, cee eee 70 
CENA eee eee Ae eee eee 70 
WOMSOLS srs saan een morose eae 234 
RaAnGMUGrUy Fe meen, Senet tecenmeres 8 
PEATUIO Te raceee ea meta nas wasn 69 
PLACE MSS te enn wer seus mee eee 230 
Nokesh onatullhs Cb top casaqoeescosmnsees aces 8 
DOORS Pease WhG RE, Aer aeee aevahnidbulasiaaeesse il 
LON SIPELSAss een eeeweioes eee 26 
Vas Ima cina menses 201 
(MOSCA, Arne snewueceatere ee see nee 26 
PPETSS ca iesne uncere ceotia cose deeone 26 
plicatey Woche eee eee 69 
GMETCOLIS SR: escent neat 26 
SITS OMe acc scat eee ee 66 


Streptophotar.nncs-ccetmece ee 68 
VEMUSCA MT 2 csersent tess peeee ee eee 233 
NILSO sic w ch ose canerem Caeace 230 
Pleurotomaria quoyana............ 164 
Plaurotomella agassizi............... 68 
blakeaacc.ccn,deessssssseeeee 68 
DRE VIS wa.s- = 5> shedeoeesaoseaade soeeoas 68 
Giomedede; ii. secb.2. 2 -sseee con aeses 72 
@XCOHSAy Zn. cctencceecn encom deseseeee 68 
350 Lies Renner eM Ome eer eercince sd 68 
HAGrIia AS wakes, cee eee 68 
RTI CTS. 0-5. LB ean oe eee 69 
leucomata.no-5. hoist nae ote 67 
Val. suexicana.--- eee 68 
packardi. ........ die Tecapeeeeee OT 
Plicatula- densatass 0c. eee 380 
MMaTSiMatay F2enc es eee 203, 380 
Polinices eminuloides..... adeateetes 148 
PpIn gia soeees ne coceen ecco 148 
Memicnryptas.cnans< yon sare eeeee 148 
léptalleacs-atenqeee eens 148 
stanislas-meunieri 76...196, 329 
Sub@lausa™ 270s. 196, 329 
EGENTIS at ha ean ee eee 147 
Pollak 8 Rance rteee we eee eee 87 
Polyschides-s.,.5.4.-<css-s tee 40 
Potamideés, var gracilior ......... 127 
matsoni....... PS Reet ey: 127 
Satilllensisie.c. ccsceette eee ee 130 
Protocardia costaricensis 30...401 
gurabica 0........ 194, 196, 401 
HapriSis.e.chvertTen caverta scesewas 25 
Psammobia, hartisie sean veer 24 
yds the sb luge dee mnce arose eebra sisccuse 23 
Psammosolen gatunensis, var. _ 
COstariGenisisuss2 oases 432 
Pseudolivaiccalinacyces-co saeco 26 
MAICARINALE. sareens cere nseee 26 
Pteria inornata 32.00.00... .194, 367 
Ptychosalpinx dentalis 78...... 187, 
281 
Riunctuneliarcireulariswe resets 166 


trianculla tam anise eeeee 167 
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Buncturelilas trifoliamyses.s- esse. 166 
WAUSO MI aerate sare dat esentcase 166 
Ui foun cee ne eevee enesaeey Oaecaa mean B Cere) 
TIO LO ROU KOSEIAL Su Saciisointueneeee Condon Iol 
MO GULOSUIM eee seeene tert 305 
Pyramidellavcattdidassy..e...-.c.:. 107 
CLEMMlatarncee sonpeneese a cacnees 107 
dolabratamecst- ene ee 107 
aL OMe a tices eee meena eases Io 
ODENSOIGESuam iar te eee ee Io 
ATI Ae ae aie A Naas 107 
ble] iia seems serie eerste case 108 
Eyrilaeabbreyiatan-rees sees teccee IOI 
Dapy tatiana essere 119g 
R 
Ratielila: ales scence hose caace whens? 114 
Clathratasa).ercsccnasio eee: 99 
CLASS Qe ana siae nian pee ena cteanneniee 306 
TRS arr eSFe NG oy) Kh Te ae seer 49 
HRITIZOCH AN Seatensrcsencess stent estes cons IOI 
UCIT] a MOGWIOSArr eee passe ack 305 
RUAN a ernest nae aces ewes sor 167 
ASUUMMANA BS eecenc sascmcteee. 167 
Ringicula dominicana.......194, 196, 
206d 
Ny, POST AD CAeeda ae se cuacteaetssise ts 186 
Leptochetlan ccs ues. ceecs 47 
AVILA Ae aes oae setae cas ceneie deo eis 47 
GEMMISEMALTA Sac ceveansicmeceee ste 206d 
Rissoa acutiocostata................. 139 
ChesHelisectedaca. canoe: tant 139 
IPSheipitatare. sa. seet ster sasesen 138 
Rissoina alabamensis................. 26 
browniana ......... Boethn ceeac ese 139 
CHESTICL emer eenecseesusa sce. 139 
GECUSSALR eeu seh olor oar aces 139 
elegantissiniaine..e se. csncess 140 
Gees a kegl ular ete act Sec aac OOO BEEe 139 
SAC CAlat a eaee eateries seers 140 
Rochefortia minuta 2............... 20 
Rotella cryptospira...........:s.0++ 162 
$ 


Sabatia bathymophila............... 50 


Sanguinolaria alouata 32........ 432 
Santo Domingo Miocene........... 92 
Saxicavella alabamensis 3........ 2 
oP IN al EAR ee Mee eps Ie i Io 56 
CALA riot ace acc coerce ees 102 
Scaphander librarius................. 49 
S1K0) On) bs caneraeacodaoce ACR om poten 49 
Punelostriatis see eee 49 
WAUS ONL accnen et tetnan ese een eer eer 49 
Scaphella costaricana............... 187 
COSEATICENSIS ME Ose cseneceetees 272 
junonia,........ SOSKCHDE sarc! DEBCCHOS 81 
Scobinella morierei 7............. 251 
Sconsia bocasensis 75............ 309 
COCIEAN AT L5meucncscresceee 187, 310 
BENNER E DN es oncccar 195, 200, 201 
Wat. Sabbiy secs. 308 
ZOMG yes act <enandeecsancaten cnet 193 
SUDIasvivataeee eens ee eee 200 
WE RITEN Zid scectee waseetesencste sescet 158 
ROLINOSAs a. c<ceccsera socensnse see 120 
ACONICAleastev. seusaseasscesessere IL 
mmOnocingulatayecssss-seeeee 120 
iG IS PIM OSA Mocer-ce dee e es cee eee 120 
Seilavad ans Lens weassnecwsvecceteeee 124 
Semele claytoni 32....194, 196, 431 
IB NAIS {seopasodeoaccosuasassubonacdcoe IgI 
var. costaricensis 32....430 
Jangdoniatia y2s.1.eeemeserne= 18 
LO MNOCISIS eee ieee ue eee n se 19 
BMY Bex ncasub ned angooesO2 080g 430 
SemiliCa SiS ees .mavace setae tere atarncler 118 
Seminella stearnsi.............<0--0s0- 94 
Serpulorbis papulosa 75...196, 200, 
317 
SCHIP CUTALUS teseesmeemeesaeteeet: 200 
SISALELUG ec. aheaacmee semen ers Ma 150 
PALIMENMSIS 2 occereeeeseseesstaee 186 
MATtINIAMUIMS 2 .uecs veeets sana: 150 
Se 0) Ob ba senconticacaeiecadsucaonenea. 186 
Siliquaria squamata..............-... 133 
AiIMOMeM Ss caeerecstaeates cose 188 
TIOCMEStA dice tapaet a= aks 134, 188 
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Siliquaria modesta, var. limo- 


INSEE) Ie or gr iccboe case Be) 

Simmia intermsedia. ...-...-.......-0.1E2 
UUM PUICA tan secicee sea teesecestine ee 112 
Simuin niaculatutd o-es1s es eseeeee a: 150 
pbahbuos epost haWes mererenccpaneaa earch srnece 150 
| DER OSC NOTES Be contac ocho sole 150 


Siphonalia quadrilineata 2........15 
Siphomaria alternata,.......cecs50 


Tgnsolata te ccscenec sn scecoeomrt 58 
Siphonium nebulosum.. ...........133 
Sistrum nodulosum 7}............ IOI 

190, 305 

POSEIHER sper ete eens eae aes IOI 
SKEmed pPlamorbiseceeete sens reeear 140 
Solar lilarce Sleesire..-t-necneee sees 157 

ALA ATHETISIS s45.- ee eeeeeieetean 26 

aim AIS. 2 6o as neseeeseeee eee 156 

HERS, VENER gan, Synenne snenecce 157 
Vals DULGCAs ea. mean care 157 

lissoconchasc eo neo 157 

TUDEICA RS Hae.d seers 157 

Sea hritiscullarseccec.s an ccaessces 156 
Solarium gatunense.a:cec. -eeessse 326 

granulatum Reahien cselona eeseee ons 326 

Petiscelidiam<. 2. -ceewsececeeeans 26 

villarell Olencosspecsenese 200, 326 
Solecurtus gatunensis.............. 432 

Stern late ae ene eter. 186 
Solenosteira chiriquiensis 77...286 

dailili.-3.- RL Man antcaeste ee eek 285 

var. medioamericano...200 

vaughani ....... Pebicereustks tase 200 

var. medioamericana 

LD siasaniostsicenuentchenaneses 285 
SS PEt eros tials enmenescneas emcees 44 
Spondylus americanus.............. 379 

CHIQUIEHSIS 2 enenereentee 378 

gumanomocon 24...... 194, 379 
Strepsidura heilprint.......0... 0... 25 
Sirigiullatimisanicame2o yes eer 427 


pisiformis...... .....194, 200, 426 


pisilorMis.c.c.. ies ce OW 


Strombina ambigua 3........... 298 
CGhiriqUlensis’ 23 2s..5<..-0->=3" 302 
COStariCeNnsis. 7p see-e sass eae 300 
Cricamolay {7 pic -cenes= eas 299 
gibberula, var. galvestonen- 

SIS a se seer cane EER Ee gI 
lessepiana 73% 2.-s2-5. Reha 298 
WAtiMa FF .ccs. ee eee 299 

var. thusanica, Wyss. 301 
SliMCOlan Deaton cuneate 301 

Strombus accipitrinus.............. 120 
COSTATUS. 5 iscewesinesiees seers Boor 120 
gatunensis /6....... ... 188, 313 
pugiloides /76..... 187, 196, 314 
Pugilis sw cece; cesses II9, 200, 314 

Styl da, crcaces sas secre eee ne 43 
Wil Uae eo eeeea, ee ees Nese Ts 42, 

Syrnola smith a.-o2.-.se0.cesss sees 107 

T 

Tascelus Cebus, G2i-ccsses eee 433 

PAPE OLUSss ccaeneaecueesey ete epoeet ZAG) 

Taranis: pulchella. ..\..<-2..5. eg 72 

Pectariws mtricatusc.....c1s- se eee, 

Teinostoma cryptospira....... se. LO2 
FOG ular: 7A. sieeuccqeeeesse ss £2 
subangulata, var, smithi 7...11 

Tellidora cristata 29........ 189, 426 

‘Lellina ipbelisianaayes + seer eee 17 
CCL CAdICa sear 194, 196, 425 
Gostaricana’ 20. essere 423 
erystallinal 20...es 189, I9I, 

194, 421 
CYTMOPIOSSARS coccssssxonsaeeaeesent 17 
GAnEnA Too cue cetera 424 
equitermime tars eee see 186 


CStellGnsisame te teders 
PALUNETISIS Cn nonce ce eeneesen ed 20) 
Laie: Swe crea eee eee actos 7 


lepidota =o. oc see 200, 423 
MLAS TIA 202 sree ca erases 422 
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TOV ALAS O Meese tree ek. ue 421 

PO WiAlAaTIC dee meee teeth aes cessicse: 424 
Semiilac yabmeeecrennciiciett.. 424 
Sab yobonely Zee aresoonsnet sce 18 
Seminoviitadan | ley. sss kee vcs 18 
(nGalles ahs Defoe eee Baer 205, 425 
Tenuiactzeon pertenuis 2,........ 16 


Berebra bemthaliss....9 ......... 189 
var. boseasensis ¥......213 


IDerliiteraes eer csc-a-cc 194, 211 
bipartitay |g)... 194, 199, 207 
WAT DOCASCNSIS ere esses. se. 1 80 
CalhOumensiswessrsseeeese cst ece-s 60 
CURETA eee ee cee tac ee ence ee 58 
CONCAV A eseieossseema coi tena sc 59 
COSEATICENSISN | Z-o nee oe ce 212 
GiSlOCa tale trae eeceeee ee 0 
Stell amare aeteassseaeaneess 212 
BENSON TIS sot no desnanonnbone 60 
PALMIMENSIS ME Zepecstne erase 20S 
AUS AACA Efaseciew ss eve ecedse- 210 
UNECE SIS Mf ete em eee rears 194, 207 
ff ETI ATC ONG IS Meehan ca2e cee sen eeeee 58 
Ja SEK6 Koy ob ang Samer Sec eee 60 
EL Tomavutlll Deeeeee Mire chases: 60 
HUMES CCM Ge ster my, Perecese ee een nce 60 
var. midiensis 7.....:... 211 
MASS Ul Aiecace tsuneo sate sewcten ene se 60 
[SKS RUSE Urge pccceepenen Soe peuseeat 59 
{OKOWSS-¢ fo Shan sconsaaan tearm aneene 59 
[EGON GSAS ZAapcoaneseae Bo 213 
AILS Mey errehise saa anes Ace sioas cies 59 
Sal CAialem weceteeweeancnaccnec S:cerk 58 
Sjontaltsigay, “2h “esasdaceadcdee 194, 210 
StS Clketaawa-esramnes wel 2O7 
LIED EENGE |S no onnbosatepuvesce ane mis toee 60 
WITLOSA sr eresnecs mia ee anieouees cuir 59 
WOMPan ot” 7) tree. cccesec. 208, 209 
MheredO TINGENMS, (2. -..-.-61 ssc: 17, 25 
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MeSIMASTOM A. s-serecr ees eae 100 
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AMbTaAcia aStunensisw.....--eesee 187 
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POLE. Hash aoscscecans hoseseees 119 
EROLCWM ASE pa asecssersdousssdessecsocecs 134 
Roruiascatialatera esses re 138 
Cy lid ricartrccncstnecsessesrcse-ce 138 
orsmateliaiquercollish seers. ces 26 
MOnMatinarOvlita see. seesesceseese 47 
COMKS IAC Inv LH weenie eee 206b 
sbraiia denticulatalescen ccseeccesees 57 
FTIIMIS CU aie saraadetecese ree eeeree ee 57 
Lily OSOUS tasensciece terete esoasaree 57 
SEIS ls. sauenoscssepocaspcboos..nna5r 57 
ELIPLICAtAY re cceaseetisacme ae 57 
Pei OMOStm@Manusncs-scwacceaseereee cant 74 
Lriploravapriptasecectsssca seem tr 122 
lowbeqes mot ee hele 5 coonceaddsnosccoouaca” 122 
Sopkeyals aaedusoaceeannodseabnosuoeTc] 121 
Cylitd drelilcesesseereossese sree 123 
GECOLATA, Gta ere ccm encase 121 
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perversa, var. nigrocincta, ..121 
(WOseL BKC OULD soretoda Bppacnae Tad 122 
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A Seri oh lop acon sone bon cag saraace absoceeae 44 
ASAE ORNL ace cites earsusemnsurtlee te ereceiae 115 
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acunie ls een secct scegemas cur. 99 
POR VATE be caboose wncbac Sugtian bee cee 88 
pulchellus............--..+-.+.-.-- 116 
SM Ow Al Geta eee eeemccaee sea eeeee 26 
yooh Eb sai S54 5. sdo0nn soqosdnado0d0n 305 
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Trivia approximans......... ....... 114 
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eEtivia elObOSalscccsserccseseeuressteeas II4 
OlOTING: Sheree cetsecacvssenessisse II4 
pedicwlusteert ace -ssstaascenes 113 
Piltilaw neces .csce+scssessee- serene 114 
Sphicerwlat esc csesssess-o sss esee cs klA, 
Guifltisal etc co vec toosaslecdeascoesee II4 
Trochus agglutinans..............-.332 
AMADIS! Teles cscs sascseseseseees 156 
Temticularisi: :zsc-cescesesse re soee 129 
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ADDENDA ET CORRIGENDA 
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Bulletins. 


For RNIGICULA read RINGICULA. 

For Siphonaria lineolata d’Orb. (reme precccr pied) 
substitute S. naufraga Stearns. 

For Oliva ctrcinata Marrat substitute O. sayana Ra- 
venal (Cat. p. 19, 1834) and place civctnata in 
synonymy. 

For Marginella apicinca read apicina. 

For Scaphella junonia substitute Maculopeplum jJunon- 
tum, this species being the type of Maculopeplum 
Dall, 1906. 

For Lpztomium read Epitontum. 


Janthing communis is regarded by Johnson (Nautilus, 


1922) aS identical with /. jazthina, Bartsch, how- 
ever, considered communis and sragtlis (equals 
janthina) to be distinct (Bull U.S. N. M. 1915). 
The latter opinion is followed here. 

For Petrotrochus read Perotrochus. 

For Chione Rowelli read Chione Row/cet. 

After Acteon costarvicensts, n. sp. insert Pl. 15, fig. 15. 

For Fuses mtocosmins read /usus miocosmtus. 

After Bursa crassa, for Pl. 15, fig. 15 read Pl. 15 fig. 19. 

Ror Hi; By Leairead H.C: Lea. 

For Gafrarium limonensts read Gafrartum limonense. 
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